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ABSTRACT
The primary focus of this dissertation is to evaluate the health impact of the CenteringPregnancy (CP) program versus traditional prenatal care (TPNC) on important maternal outcomes of pregnancy. This is looked at in two outcomes-gestational weight gain
(GWG) and pregnancy induced hypertension (PIH). The specific aims are to examine the:
(1) effects of CenteringPregnancy program versus traditional prenatal care on gestational
weight gain (GWG); (2) effects of CenteringPregnancy program versus traditional prenatal care on pregnancy induced hypertension (PIH).
Birth certificate (BC) data were linked to hospital discharge records of women who
delivered in midland’s obstetric clinics of South Carolina between 2015 and 2019. The
research project first validated the accuracy of GWG records on birth certificate data in a
sub-sample of centering women (30%) before conducting the evaluation as previous studies suggested the need for this. Propensity score analysis (PSA) was used to account for
confounding of patient characteristics and lack of randomization to treatment.
The result from validation study showed that BC data for GWG records were similar
to electronic medical records, the gold standard and can provide reasonable estimate of
this variable for the evaluation, and thus BC is a valid database. For aim one, the study
found no statistically significant association between CenteringPregnancy program (versus TPNC) and total gestational weight gain (using it as either continuous or categorical
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variable-adequate, inadequate, and excessive weight gain) in all analysis models (unadjusted, adjusted, propensity score covariate adjusted and inverse probability to treatment
weighting (propensity score weighting) method. The same pattern was observed for
weekly rate of weight gain. These are the analytical ways of assessing gestational weight
gain as recommended by IOM guideline. For study two, CenteringPregnancy had higher
odds of pregnancy induced hypertension in combined stratum in all models-unadjusted,
adjusted, propensity score covariate adjusted and inverse probability to treatment
weighting method (for unadjusted-OR 1.76, 95%CI, 1.43, 2.17), and specifically significantly increased in all models with development gestational hypertension/unspecified hypertension (for unadjusted- OR 1.91, 95% CI, 1.48, 2.45) compared to women that had
TPNC which is opposite to our hypothesis. We also found statistically significant increased odds of severe pre-eclampsia/eclampsia in only unadjusted model (OR 1.68, 95%
CI, 1.14, 2.49) among CP participants compare to their counterparts in TPNC but surprisingly, mild pre-eclampsia was not statistically significantly associated in all models.
In summary, the study found no significant difference in GWG for women that enrolled in CP program compared to traditional prenatal care despite the special nutritional
knowledge component of the program to help participant women achieve adequate
weight gain in pregnancy as recommended by IOM guideline and the use of advanced
statistical methods is opposite to our hypothesis. However, the no program effect is consistent with some prior evaluations that examined the association. We also recommend
further studies, preferably a randomized controlled trial to look at the treatment effect in
larger, similar or different population of centering women. Study two result needs to be
interpreted with caution because there are many factors that may have contributed to the
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increase rate of pregnancy induced hypertension among centering women that we don’t
have data for their fidelity. More studies are warranted in this area to critically investigate
and appropriately ascribe the contributory factor (s) to increase rate of pregnancy induced
hypertension among centering women despite the efforts for maternal well-being during
pregnancy by the CP program. To our knowledge, this is the first study that examined the
association between CP program and PIH.
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CHAPTER 1
BACKGROUND AND SIGNIFICANCE
1.1 Brief Introduction
Overall objective of the research is to evaluate maternal health impact of CenteringPregnancy program which is a type of group prenatal care in comparison with traditional prenatal care program using midland obstetric clinic data to determine which one
has a better outcome in terms of adequacy of gestational weight gain and development of
pregnancy induced hypertension (PIH). Accuracy or validity of gestational weight gain
records on birth certificate was assessed and compared with medical charts abstracted
data (the gold standard) in a sub-sample of centering women as previous studies highlighted the need for this before evaluating the effect of CP program on GWG. 1
It is important that women gain weight adequately in pregnancy based on their
pre-pregnancy body mass index (BMI) as recommended by Institute of Medicine (IOM)
guideline or report in 2009 to reduce adverse pregnancy outcomes that may arise from inadequate or excessive gestational weight. It is also important that women have the
knowledge of PIH and stay away from predisposing factors, and thus prevent complications that may arise from it in pregnancy.
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1.2 Maternal Health Issues in the United States and South Carolina
About four million women give birth each year in the United States, the vast majority
without complications. About 50,000 women a year, however, experience severe maternal morbidity (SMM), or dangerous and life-threatening complications. Between 700 to
900 women annually die from these pregnancy and childbirth complications such as hemorrhages, unsafe abortion, hypertensive disorders of pregnancy and other cardiovascular
conditions. 2, 3
Compare to the national average maternal mortality rate of about 20.7 maternal deaths
per 100000 live births, South Carolina maternal mortality rate is the 8th highest in the
country. It is currently 26.5 deaths per 100000 live births, and unfortunately, many of
these deaths occurred as result of severe bleeding, infection, and high blood pressure
during pregnancy or before the day the infant was born. 3, 4 More than half of these deaths
are preventatble according to Center for Disease Control and Prevention (CDC).
According to CDC, severe maternal morbidity (SMM) refers to unexpected outcomes
of labor and delivery leading to highly significant short or long term consequences on
mother’s health. 2 Recent trends of SMM show that the burden has been steadily increasing and it is likely driven by increases in maternal age, pre-existing chronic medical conditions, cardiovascular and respiratory diseases such as pre-eclampsia, eclampsia, heart
failure, pulmonary edema, sepsis, shock, acute renal failure, pre-pregnancy obesity, excessive gestational weight gain and caesarean delivery to mention a few. Advocates
across the United States are working to reduce the number of heart-related problems as
leading cause of maternal deaths. These thus geared the research to assess and contribute
on how some of these complications can be prevented or totally avoided through prenatal
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care as it may appears to play a role on gestational weight gain and gestational hypertension.
Gestational weight gain is of particular interest because more than half (51.2%) of
South Carolinian mothers had excessive gestational weight gain (GWG) during pregnancy with an additional quarter (24.4%) of women gaining weight below or within the
guidelines. 5 Gain within recommended levels or range according to Institute of Medicine (IOM) guidelines or report on nutrition during pregnancy has favorable pregnancy
outcome particularly with infant birth weight. 6, 7, 8 Excessive and inadequate gestational
weight gain in pregnancy are often associated with clinical conditions in the mother. For
example, excessive GWG is associated with increased risk of gestational diabetes, hypertensive disorders in pregnancy, complications during labor and delivery such as vaginal
tears, excessive bleeding, non-elective caesarean section delivery, post-delivery weight
retention and subsequent maternal obesity. Weight gain below the recommended level
has more detrimental effect on the unborn infant such as increased risk for delivery of
small for gestational age (SGA) infants, intrauterine growth restriction (IUGR), low birth
weights, poor fetal development, prematurity and being prone to birth asphyxia leading to
neonatal intensive care unit admission and increase length of hospital stay. 7, 9, 10
Chronic hypertension or pre-existing hypertension is the most common medical
problem encountered during pregnancy, and it remains an important cause of maternal
and fetal morbidity and mortality prenatally, during intrapartum and in the puerperium. It
generally complicates about 2 to 3 percent of pregnancies. Women with pre-existing and
gestational hypertension (hypertension after 20weeks of gestation) are at increased risk
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for preeclampsia and eclampsia, although many women who develop preeclampsia/eclampsia have no history of high blood pressure. 11, 11, 13 Preeclampsia and eclampsia are
the most serious form of hypertensive medical complications and may be associated with
different degrees of fetal injury. 14 Black women are more likely to develop preeclampsia
and to experience poorer outcomes associated with the condition, including progression
to eclampsia and in rare cases, death. Preeclampsia/eclampsia is estimated to complicate
between 3 and 6 percent of all pregnancies and is considered one of the most preventable
causes of maternal death. 12 The cost of caring for mothers with preeclampsia alone is
roughly about one billion dollars yearly. 15

1.3 Prenatal Care-Traditional Prenatal Care (TPNC)
Prenatal care (PNC) has been widely accepted in the last century. PNC is important
and of great value because of its far and wide-reaching implications and long-term consequences on both the mother and the child. It identifies and manages clinical conditions
that threaten the health of mother and/or unborn child and ensure women approach delivery in health. It has been endorsed as a means to identify mothers at risk of delivering a
preterm or growth-retarded infant and to provide a wide range of available medical interventions aimed at general morbidity.
There are two types of prenatal care. Traditional or individual type and Group prenatal
care. As the name implies and in simple definition, traditional prenatal care involves an
individual clinic visit schedule for a pregnant woman, while group prenatal care is comprised of group of pregnancy women with similar gestational age or due date who are
seen together at each clinic visit.
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Prenatal care in the United States is traditionally practiced through one-on-one encounters between a single patient and a single obstetric provider. The American College
of Obstetricians and Gynecologists (ACOG) recommends prenatal visits occur every four
weeks until twenty-eight weeks of pregnancy, then every two weeks until thirty-six
weeks of pregnancy, and thereafter weekly until delivery. 16 Based on this schedule, an
average prenatal care visit last about ten minutes with most women spending a total of
less than two hours with their obstetric providers during pregnancy. Within the ten
minutes, the health provider usually tries to accomplish the following task or activities:
(1) Assess the well-being of the woman and her fetus; (2) Provide ongoing, timely, and
relevant prenatal education; (3) Complete recommended health screening or laboratory
studies and review results; (4) Detect medical and psychosocial complications and institute indicated interventions; and (5) Try to reassure the woman.16 This leaves no room
or a gap to thoroughly address other routine pregnancy issues, contraception, breastfeeding, newborn care and patient questions during the course of traditional prenatal care as it
is currently practiced.17 Thus, the contact time with provider is brief and minimizes opportunity for health education and support. In recognition of these shortfalls, health care
system and March of Dime Chapters are working hard towards improving prenatal care
approaches to enhance accessibility and the appropriateness of prenatal health care services to entire groups of women and populations through wide range of health promotion,
social services, and case management approaches which may also offer potential benefits.
Therefore, recommendations for actions to maximize the impact of traditional prenatal
care in improving birth outcomes are proposed both for the public and for the biomedical,
public health, and research communities. 18 This led to the start of group prenatal care,
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also called CenteringPregnancy in the early 1990s by the founder Sharon RisingSchindler.

1.4 CenteringPregnancy- Group Prenatal Care
CenteringPregnancy, a registered trademark and the most popular model of group prenatal care (GPNC) started as a grassroots efforts in the United States over two decades
ago by Sharon Rising-Schindler in the Eastern coast clinics in the year 1993 under the authority of Centering Healthcare Institute (CHI), and currently, over 550 clinics in the
United States are offering prenatal care through this model to over 60000 moms. 18 All
types of practice settings including academic medical centers, community health clinics,
military hospitals, birth centers, Federally Qualified Health Centers (FQHCs) now offer
CenteringPregnancy as an option to traditional-individual care. Group prenatal care
(GPNC) is a multifaceted model of prenatal care that provides a wide range of medical
(aimed at general morbidity of biological body components), nutritional (aimed at all
types of pre-pregnancy BMI to gain weight adequately in pregnancy) and educational/psychosocial interventions (aimed at smoking) intended to reduce the determinants
and incidence of low birth weight, preterm birth and other adverse pregnancy conditions
and outcomes.

Features of CenteringPregnancy sessions usually includes the following1. Prenatal care check-up
2. Weight and blood pressure monitoring
3. Private time with healthcare provider
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4. Important information and resources for patient and their baby
5. Time to talk about pregnancy, childbirth, and family
6. Time to get to know other women in the group
7. Time to talk and share about parenting, child development, and family issues
Source: Centering Healthcare Institute Centering Pregnancy training workshop materials.

CenteringPregnancy provides an integrated approach to PNC in group setting as
shown in chart above. The group care program incorporates the biopsychosocial approach
or model within which are theories like midwifery model of care, feminism, social support and self-efficacy to improve health of pregnant women participants and ultimately
improve birth outcome (this will be discussed in detail with conceptual framework in the
next chapter). Each group session typically has 8 to 12 women with similar due dates occurs every 2 to 4weeks for approximately two hours. 18, 19 CenteringPregnancy program
actively involves patients in their own health management i.e. self‐care activities and attention is given to the core/essential content as prescribed by Centering Healthcare Institute 20, even though emphasis may vary among sites offering the program. Participants
share learning, experiences and provide support for other pregnant women of similar gestational ages or due date in the group leading to greater engagement, learning and selfconfidence. This type of GPNC allows expectant mothers to monitor their state of health
by checking their weight, height and blood pressure at every group meeting or appointment. They are provided important information and resources relevant and specific for
each trimester and gestational age, educating them on how to recognize a distress signals
and other alarming symptoms during pregnancy and on early-treatment strategies to help
mothers act quickly before complications turn life-threatening and advice on what to
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avoid or what can contribute to ill health during pregnancy. For example, CenteringPregnancy program provides knowledge on nutrition, educating them on healthy diet, adverse
effects of excess salt or sugar intake, tobacco smoking, and the consequences of inadequate or excessive weight gain, etc. Patients have individual time (ten times more than
women in traditional care) with their health provider and as well as meet and interact
with other pregnant women in the group with similar gestational age or due date for a total of 8-12 sessions during pregnancy. They share learning and experiences, discuss concerns about pregnancy, childbirth and family issues which make them understand what is
normal and what is cause for concern which, in turn, may likely reduce psychological
stress. Studies showed that psychological stress and emotional tension are associated with
development or worsening of gestational hypertension or preeclampsia. High stress level
during pregnancy may induce biochemical responses in the body, leading to production
of cytokines that causes damage to uterine placental spiral arterioles leading to decreased
uteroplacental blood perfusion, which causes pregnancy induced hypertension (PIH). 21, 22
CenteringPregnancy program may be an effective program in clinical practice to alleviate
maternal stress and as a result lower the rate of development of pregnancy induced hypertension, specifically gestational hypertension in centering participants compare to those
that receive individual prenatal care. All the above-mentioned features of CenteringPregnancy: health education, sharing of learning and experiences, longer time with providers,
stress reduction due to social support from health provider and significant others while
attending meetings enhances feeling of self-control and confidence, that may reduce
stress and, consequently, and maintain normal blood pressure in pregnancy, thus justify
the need to evaluate the impact of the program on the outcome- gestational hypertension.
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These are unlike traditional or conventional PNC, in which individual care is provided to pregnant women through healthcare professional until delivery, with less time
for interaction, relationship building or experience sharing with other pregnant women of
similar gestational age. 19 CenteringPregnancy improves maternal knowledge of pregnancy, makes mothers feel more ready for labor and delivery, and the mothers are more
likely to initiate breastfeeding after delivery with high levels of patient satisfaction. 19, 23
Group care allows for social support which promotes psychological, social and behavioral factors for change to promote healthy pregnancy and improved birth outcomes as
shown in prior studies. 23, 24 All these are growing evidence in literature that CenteringPregnancy group prenatal care is associated with better outcome compare to traditional PNC. This may probably be due to its integrated approach to PNC in group setting,
in addition to the above-mentioned results from literature. The benefits of the program
have resulted in more clinics to adopt and offer the program as an alternative to traditional PNC. 23, 24, 25, 26, 27, 28

1.5 CenteringPregnancy Initiative in South Carolina (Prisma Health-University of
South Carolina Medical Group)
South Carolina (SC) adopted the CenteringPregnancy model in 2008 which started at
the OB-GYN Center of Greenville Health System due to poor maternal and infant health
outcomes, and SC was the first state to develop a coordinated statewide network with
group prenatal care. 18 Efforts were made by South Carolina Department of Health and
Human Services (SC DHHS), South Carolina Department of Environmental Control (SC
DHEC) and March of Dimes Chapter of SC to improve poor maternal and child outcomes
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in the state by focusing on a number of programs including expanding group PNC sites
across the state; promoting behavior change communication (BCC) to educate women to
follow American College of Obstetrics and Gynecology (ACOG) guideline on pregnancy
spacing; educating mothers on the dangers of smoking before, during and after pregnancy; and funding support services for quitting smoking; and making available progesterone for women with history of preterm birth. 9, 18, 29 Expanding group PNC including
CenteringPregnancy program sites across the state is seen as a promising alternative to
traditional PNC, based on its theory and evidence from prior published studies such as
improvement in rates of preterm births, higher rates of smoking cessation during pregnancy and positive influence on utilization of preventive health services such as family
planning postpartum. 30, 31, 26 Although, a recent meta-analysis showed similar rates in
terms of low birth weight, preterm births and neonatal intensive care units admission between mothers who participated in group prenatal care versus traditional prenatal care. 32,
33

The Palmetto Health-USC Medical Group, now Prisma Health-USC Medical Group
started CenteringPregnancy program in the year 2013 in one of their OBGYN practice
sites (University Specialty Clinics – OBGYN) under the guidance of Centering
Healthcare Institute, a non-profit organization with mission to improve Maternal and
Child Health, by transforming care through centering groups, changing paradigms from
one on one to group care. The medical group offers CenteringPregnancy in five practice
locations and they are: (1) University Specialty Clinics, Department of Obstetrics and
Gynecology; (2) Sumter OB/GYN-Prisma Health Tuomey Hospital; (3) Prisma Health
Baptist Parkridge Hospital-Parkridge OB/GYN; (4) Prisma Health Women's Center
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(1801); (5) Prisma Health-USC Medical Group Family Medicine Center. Majority of
these practices/sites have received start-up grant through Duke Endowment, South Carolina March of Dimes, and other organization committed to reducing rates of premature
births.
The University Specialty Clinics – OBGYN (Two Medical Parkway) started CenteringPregnancy 2013 as one of the South Carolina five OB practices chosen by DHEC and
March of Dimes to participate in patient centering initiative with the goal to reduce the
number of low-birth-weight infants by promoting individual health empowerment and
community- building. The practice was accredited for CenteringPregnancy group care not
long after it began. It has the largest number of participants with at least one new group
starting each month and about 50 to 75patients are seen per year. This Prisma health site
has nutrition-specific contents, which are related to our outcome of interest-gestational
weight gain. 34 Sumter OB-GYN CenteringPregnancy program also started 2013 (which
was later nationally certified 2016 to continue the program) and was also one of the
South Carolina five OB practices chosen by DHEC and March of Dimes to participate in
patient centering initiative. The practice usually starts at least a one new group session
every month and see about 35-80 patients each year. 34, 35 Parkridge OB/GYN started
CenteringPregnancy program 2017, and initiates at least one group meeting per month,
and sees about 37 patients per year. Prisma Health Women's Center also began CenteringPregnancy program 2017, which at the start of the program was able to initiate one
new group per month, but later grew quickly to 3 to 4 new groups per month.
The Family Medicine Center practice began offering the CenteringPregnancy group care
in March 2018 and was accredited 2019. The practice serves mostly underserved patients
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(low-income immigrants) who are not eligible for insurance but provide them with more
opportunities for affordable prenatal care and considerable chance for a healthy delivery.
The practice sees about forty patients per year which drastically reduced after the changes
to affordable care act 36
The Prisma Health-USC Medical Group centering program incorporates a unique approach to eating healthy for pregnancy and breastfeeding, coupled with mild exercise and
safe activities during pregnancy aside other standard components of the CenteringPregnancy program. The Medical Group provide special knowledge on nutrition as it influences mothers overall weight gain which also can affect the rate at which fetus increases
healthily in size from first to last trimester of pregnancy. The program provides daily
guide to meal-serving that includes grains, dairy, protein, vegetables, fruit fat/oil and water with serving size range per day. The health provider/program coordinator make centering women accountable for their food-group serving that they eat or drink per day by
checking boxes in their handbook, and the provider finds out or analyze how well their
diet meets needs for healthy eating. The Food Dairy is shown in figure 1.2. Tips to reducing calories are provided such as eating baked, broiled or roasted foods, high fiber
food instead of fried foods and to limit sauces, dressings and gravies. Changes could be
made to recommended food options to make it easy for patients to follow with the help of
nutritionist available to attend them at meetings. Centering mothers are made to realize
that they don’t require extra calories in first trimester but require only extra 340calories
per day during the second trimester and additional 450calories per day in the third trimester. 37 The nurses make expectant mothers understand that they need to eat for two
and but not to eat double the amount and avoid or save snacks and desserts that are high
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in sugar and/or fat for treats. The healthcare staff encourage vegetarians and vegans to
take vitamin supplements aside prenatal vitamins especially vitamin B12 that is not found
in plant foods (because provider wants them to also get their vitamins from food) and
other supplements that might be helpful. Nutritionist or provider teaches expectant moms
in the program how to size up their meal components with useful guide e.g., 3 ounces of
meat is about the size and thickness of a smartphone, 1cup of mashed potatoes or broccoli
is about the size of your fist, 1teaspoon of butter or peanut butter is about the size of the
tip of your thumb, 1 ounce of cheese is about the size of 4stacked dice or average size
thumb etc.
Table 1. 1 Food diary
Sun

Mon

Tue

Wed

Thurs

Fri

Sat

Grains
5-9servings
1serving = 1oz
Calcium/Dairy
3-4 servings
1serving = 1cup
Protein
2-3 servings
1 serving = 3oz
Vegetables
4-6 servings
1 serving =
1/2cup
Fruit
2-4 servings
1 serving =
1/2cup
Water
At least 64oz
(8glasses) a day
Fats/oil
Others
Source: Prisma-USC Medical Group Centering Pregnancy Program Training Workshop Materials.
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During session(s), special attention is also given to change from bad habits as some of
these behaviors have been shown to be associated with development of gestational hypertension and poor infant outcome. They discuss as a group with the provider(s) ways to
discourage smoking, drinking alcohol, using drugs or unprescribed medications during
pregnancy through active engagement and interaction with healthcare staff and their
peers which provide greater understanding of why they need to break from such behavior.
Studies have shown that smoking and drinking alcohol are common modifiable risk factors to development of hypertension.38, 39 Determined effort to deal with these may be a
way to tackle high blood pressure. Certain pain medications like tylenol (acetaminophen),
indomethacin, aspirin etc. prescribed over the counter or supplements can raise blood
pressure. As these habits may be difficult to break, they are offered ways to change from
these bad habits such as joining support group, keeping away from people that smoke,
drink, or use drugs, and satisfying craving to smoke or drink alcohol in different ways
such as chewing gum, drinking water, having a cup of tea, reading a book until the craving passes or exercising when they feel the urge for engaging in bad habits. Centering
moms are made to realize that staying healthy and having a healthy baby are good reasons to stop these bad habits.
Centering Healthcare Institute (CHI) provides consultation and support to these clinical practice sites for system change, training in centering group facilitation, site approval
for quality assurance, policy and advocacy work to support scale up and spread as well as
measurement of impact through the Centering Counts data system. CenteringPregnancy
providers receive special training to develop effective facilitation skills. Two facilitators
typically a provider and a support staff member, lead discussions and direct activities to
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the best of group functioning. With all the mentioned above standard components of the
program (including health education, sharing of learning and experiences, longer time
with providers, stress reduction due to social support from health provider and significant
others), unique approaches to CenteringPregnancy program (nutrition-specific contents
already discussed), and findings in literature that will be discussed in the next chapter reinforce the need to evaluate the impact of the program on adequacy of gestational weight
gain and development of gestational hypertension. All these features/factors may contribute to healthy pregnancy, and possibly reduce the risk of adverse maternal outcomes
during pregnancy.
It’s worthy of mentioning at this junction that CenteringPregnancy program participation in Greenville Health System of South Carolina reduced the risk of premature
birth and need for neonatal intensive unit stay, and for every premature birth prevented,
there’s an average savings in health expenditures i.e., for the State investment of
$1.7 million, there was an estimated return on investment of nearly $2.3 million. CenteringPregnancy also reduced the incidence of delivering an infant with low birth
weight. Thus, participation in group prenatal care resulted in Medicaid saving with better
infant outcomes for the health system.

40

1.6 Specific Aims of Research
Given the inconsistent findings in literature on effect of CenteringPregnancy versus
traditional PNC on gestational weight gain that will be discussed in the next chapter under chapter two, section 2.1, 1 with no prior study on the effect of the two types of prenatal care on gestational hypertension, and bearing the unique approach to CenteringPregnancy program (such as health education, self-management training/activities, sharing of
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learning and experiences, longer time with providers, stress reduction due to social support from health provider and significant others and implemented nutrition-specific contents or curriculum by Prisma Health-USC Medical group), we have the following research questions to better understand the effect or impact of the new model of care-CenteringPregnancy program versus traditional prenatal care on both maternal outcomes
(gestational weight gain and gestational hypertension) on women who completed either
of the two prenatal care in the midland’s obstetric clinic between 2015-2019.

Aim 1: to examine the effects of CenteringPregnancy group prenatal care (GPNC) versus
traditional prenatal care on gestational weight gain. We hypothesize that women who received GPNC model will have higher percentage of adequate gestational weight gain than
women who received traditional prenatal care.

Aim 2: to examine the effects of CenteringPregnancy group prenatal care (GPNC) versus
traditional prenatal care on pregnancy-induced hypertension. We hypothesize that women
who received GPNC model will have lower percentage of development of pregnancy induced hypertension than women who received traditional prenatal care.
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CHAPTER 2
LITERATURE REVIEW
2.1 Conceptual Framework
One can conceptualize the evaluation of the impact of CenteringPregnancy versus
traditional prenatal care on gestational weight gain and gestational hypertension along the
diagrams shown in figure 2.1 and 2.2. which outline the conceptual frameworks for our
study aims. The frameworks are built around the biopsychosocial approach to disease development as developed by Drs. George Engel and John Romano. 41, 42

Social factors/Intervention
e.g., social support,
midwifery model of care

Psychological factors/Intervention
e.g., enhanced nutritional
knowledge, patient perception,
cognition, attitude to health,
feminism, self-efficacy

Group Prenatal Care
(CenteringPregnancy
Program)

Risk for Inadequate,
adequate or excessive
gestational weight gain

Improved maternal
health and ultimately
birth outcome

Biological Factors e.g.,
body system, body
composition, body changes

Figure 2. 1 Conceptual Framework for Evaluating Gestational Weight Gain (GWG)

In general description, the biopsychosocial model provides a broader understanding
of patients’ experiences at three different levels/points which serve as an important contributor to development of disease, and not just focusing on pathophysiological processes
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associated with a disease. These three levels of patients’ experiences are part of the hierarchy of natural systems continuum, and they include biological, psychological and social
levels, and all are interrelated or interconnected and may explain development of disease.
These three interactions range from smallest body molecular components to societal factors, which all come together to determine the outcome of care or development of disease. The biopsychological model or approach acknowledges that different clinical scenarios or diseases can be better understood scientifically at the several levels of natural
systems continuum.

At the biological level of the hierarchy of natural systems, we have the atom which is
the smallest unit of matter that forms chemical elements, then the cells of the body and its
genetic and molecular components, making the tissues, organs, and organ-systems. This
explains individual patient body composition from the cellular level up to the complex
body systems. A pregnant woman’s body undergo many transformations from cellular to
organ-system changes during the nine months. There’s change in body metabolism as the
growing fetus demands for nutrients. This can also be referred to as physiological
changes during pregnancy. All pregnant women are most likely to experience these
changes. The biological components interact with psychological and social factors of the
continuum (discussion below) to determine outcome of care or susceptibility to disease.

At the psychological level, we have the patient as a person with her knowledge, experiences and behavior or attitude to health i.e., patient’s perception and cognition to health
can contribute to health or illness. Women in CenteringPregnancy group care have a
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common goal with their pregnancy, but all come with different experiences and challenges such as limited knowledge of body care during pregnancy, nutrition, physical or
psychological stress in which the group collectively may create solutions or suggest coping mechanisms. 41, 42 This is further explained by self-efficacy and feminism. Feminist
theory proposed by Andrist argues that women have their place and role in the society
and world at large, and they must have educational and professional opportunities that are
equal to men which is the foundation for a healthcare symmetric relationship between
provider and patient that allow women to participate in decision making, and remove
physical and social barriers to care, obstacles to access of personal medical information,
and disrespectful treatment. 19, 43 This is applicable in CenteringPregnancy program as the
health provider educate and allows centering women to participate in self-care activities
such as measuring and monitoring of their weight, blood pressure at each session, participate in discussions during session and have access to personal healthcare information.
This knowledge influences or changes their psychology and attitude towards their health.
Self-efficacy theory provides a supportive framework for the psychological level. As
women participate in the CP program and group care activities and through learning
from other women, each applies group strengths to the context of her own life, they become self-efficacious, develops their own ability to handle pregnancy, life challenges,
and parenting which thus potentially enhance their innate ability or psychology to achieve
goals. 44 CenteringPregnancy program help participants achieve personal self-efficacy in
executing course(s) of action to deal with prospective situations during pregnancy and beyond. For example, they possess general self-sense to know what is not right, possibly
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recognize alarming symptoms or danger signs during pregnancy and deal with them accordingly e.g., pregnancy induced hypertension.

The social level as indicated in the hierarchy of natural systems continuum also play a
role in sickness or health. It includes patients’ relationship with people, family, health
provider(s), community, culture and societal interactions. This is further explained by the
midwifery style of care by Kennedy and colleagues in which care is based on relationship
between the midwife and the pregnant woman in which the midwife works to create an
environment to support the needs of the woman, and each brings mutual knowledge and
power to the relationship. The midwife here is analogous to healthcare provider or nutritionist or social worker or coordinator of group session in CenteringPregnancy (CP) program. 19, 45, 46 The health provider or coordinator of group sessions spends more time with
centering women, listens to their stories and provide needed guidance which thus create a
long-lasting relationship beyond the hospital care. Women who participate in CP group
care tend to get more social support from their caregiver, peers and spouse compare to
those receiving traditional prenatal care and thus seems to be associated with better pregnancy outcomes, such as improved fetal growth and increased infant birth weight as seen
in prior studies of infant outcome. 47, 48

All the three levels of the hierarchy come into play in CenteringPregnancy program
for pregnant women participants to improve gestational weight gain as shown in figure
2.1. Pregnancy by itself alters biological component of the body, so also decisions arising from their mind(psychology), their attitude or behavior towards health based on experience and social interactions related to the program. CP sessions provide nutritional
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knowledge which help guide psychological decision on food choices that can affect their
biological constituents. Centering mothers also receive social support from health providers, nutritionist, social worker and their peers at meetings or during sessions which
thus touches on their social influence/perspective which can as well modify their health
behavior and psychological being. The essential elements of CenteringPregnancy program already discussed in the previous chapter shape their behavioral(psychological) and
social elements which can influence the biological components and may possibly explain
the difference in maternal outcome-gestational weight gain, be it adequate, inadequate or
excessive between those that participated in CP group care compared to individual care.
Social factors/Intervention
e.g., social support to
reduce stress, anxiety

Psychological factors/Intervention
e.g., patient perception,
enhanced knowledge on lifestyle
modification, causes of ill health,
alarming symptoms, self-efficacy

Risk for pregnancy
induced hypertension
(gestational
hypertension, preeclampsia, eclampsia

Group Prenatal Care
(CenteringPregnancy
Program)

Improved maternal
health and ultimately
birth outcome

Biological Factors e.g.,
body system, body
composition, body changes

Figure 2. 2 Conceptual Framework for Evaluating Pregnancy Induced Hypertension
(PIH)

Figure 2.2 shows the three elements of biopsychosocial model as applied in CenteringPregnancy program which interact with one another to possibly explain their influence
or susceptibility to development of disease such as pregnancy induced hypertension
(PIH) among the program participants. The CenteringPregnancy program allays maternal
stress and anxiety and optimize social support received by the centering mom from health
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providers, peers and partners in addition to some other essential elements of the CP program such as lifestyle modification, knowledge of causes and alarming symptoms of
pregnancy induced hypertension (gestational hypertension, pre-eclampsia, eclampsia)
which might probably improve biological components, psychological domain and maternal wellbeing, and consequently lower or maintain normal blood pressure. A study also
showed that participation in CenteringPregnancy is “associated with improved perceptions of peer social support with associated improvements in quality of life in the psychological and relational domains and higher rates of continued breastfeeding”. 49 Pregnancy
is a vulnerable period during which pregnant women need special attention and maximal
support as much as they can get to allay emotional tension that could transform to biochemical response, and consequently pregnancy induced hypertension. 22 Maternal
stress in pregnancy before 20weeks of gestation has been showed to be associated with
complications of pregnancy, particularly preterm birth and hypertensive disorders of
pregnancy. 50, 51 The diagnosis of high blood pressure in pregnancy has a significant impact on mothers, which might affect their pregnancy and delivery experiences, and eventually or likely their pathway to parenthood. 52 CenteringPregnancy play a role in facilitating support for women and provide access to multidisciplinary continuity care to allay
problems like this. As already mentioned in chapter one, one of the essential elements of
CenteringPregnancy is social support. Centering mothers receive social support by attending meetings with their healthcare provider, group coordinator, their peers and or significant others, and sometimes social workers, which enhances feeling of self-control and
confidence, which in turn may play a role in reducing stress during pregnancy and conse-
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quently lower blood pressure or keep it normal throughout pregnancy.23, 49, 53 For example, patients tend to share learning and experiences, discuss concerns about pregnancy,
childbirth and family issues during group sessions. In addition, special nutritional
knowledge and support received during pregnancy may be an important determinant of
lifestyle habits for healthy behaviors necessary for maternal well-being during pregnancy,
and thus prevent gestational hypertension. 54 These include substance use, alcohol and tobacco, as well as dietary habits-excessive salt or sugar intake, which can by themselves
cause hypertensive disorders in pregnancy and adversely affect pregnancy outcome (s).
Also, health educating mothers about the warning symptoms of gestational hypertension
is important for early recognition and proper management, and thus preventing worsening
of the disease to pre-eclampsia or eclampsia. All these may be an important factor for
maternal well-being during pregnancy and thus prevent gestational hypertension or pregnancy induced hypertension.

There are general or common health inputs to the CenteringPregnancy program and
traditional prenatal care which are medical intervention, structural, technical, personnel
and inter-personnel inputs. These are some of the major components of the health care
delivery system that are constant for both types of care.

2.2 Literature Review- Prior Evaluation of Group PNC Impact on Gestational
Weight Gain in the United States and South Carolina
The importance of adequate gestational weight gain (GWG) as recommended and published by the Institute of Medicine (IOM) in their guideline in 1990, which was revised in
2009, on healthy weight gain in pregnancy based on pre-pregnancy body mass index
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(BMI) cannot be stressed enough as excessive or inadequate GWG is associated with increased risk of adverse maternal and infant health outcomes.7 This IOM guideline or
recommendation on healthy weight gain in pregnancy is also emphasized by World
Health Organization (WHO). 55 As mentioned in chapter one, more than half (51.2%) of
South Carolinian mothers had excessive gestational weight gain (GWG) during pregnancy with an additional quarter (24.4%) of women gaining weight below and about 25%
have within the guidelines weight gain. 5
The recommended gestational weight gain is determined by the woman’s pre-pregnancy body mass index (Table 2.1). 7 Maternal health and nutritional status both before
and during pregnancy plays a role in delivering nutrients to the developing fetus, which
have profound effect on birth weight which is an important indicator of the infant’s wellbeing.

Table 2. 1 IOM Recommended Weight Gain in Pregnancy for Different Pre-pregnancy BMI
Pre-pregnancy
BMI

Underweight
Normal weight
Overweight
Obese (includes
all classes)

BMI+
(kg/m2)
(WHO)
<18.5
18.5-24.9
25.0-29.9

Total/Adequate
Weight Gain
Range (lbs.) (Kg)
Recommended
28–40 12.5-18kg
25–35 11.5-16kg
15–25 7-11.5kg

1 (1–1.3)
1 (0.8–1)
0.6 (0.5–0.7)

≥30.0

11–20

0.5 (0.4–0.6)

5-9kg

Rates of Weight Gain* 2nd and 3rd Trimester Mean Range in (lbs/wk) (kg/week)

0.5 (0.4–0.6) or 0.51 (0.44-0.58)
0.4 (0.4–0.5) or 0.42 (0.35- 0.50)
0.3 (0.2–0.3) or 0.28 (0.23- 0.33)
0.2 (0.2–0.3) or 0.22 (0.17- 0.27)

+ To calculate BMI go to www.nhlbisupport.com/bmi/
* Calculations assume a 0.5–2 kg (1.1–4.4 lbs) weight gain in the first trimester

Previous works highlighted the need for future research to evaluate and compare the
impacts of group PNC versus individual care on maternal and infant outcomes. One study
pointed out the need to establish the beneficial effects of group PNC on weight gain in

24

pregnancy and provide knowledge on the actual basis for the results obtained. 30 Quite a
number of observational (retrospective) studies have also looked at the effect of group
care or CenteringPregnancy compare to individual prenatal care on maternal outcomes
particularly gestational weight gain, which is our main focus, within populations such as
African-Americans, 56, 57 Hispanics, 58, 59, 60 non-Hispanics, 31, 61, 62 adolescents, 57 obese
women, 31, 63 women with gestational diabetes, 33, 60 and active military personnel
spouses 65 with mixed results or inconsistent findings. Some studies found group care to
be associated with increased gestational weight gain among low-income African American pregnant women, Latina-Spanish speaking women and non-Hispanic population 56, 59,
62

while one study found reduction in excessive weight gain among group care partici-

pants, 63 and some no statistically significant difference between participants of both type
of PNC care. 31, 61, 65 A more recent systematic review and meta-analysis on the effect of
group prenatal care versus individual care on gestational weight gain, pointed out overall
inconsistent findings in studies with this outcome (GWG) due to certain limitations identified that are discussed below, and therefore recommended that prenatal care models
(e.g., group versus traditional) should be evaluated in a more rigorous fashion by following IOM definitions for pre-pregnancy BMI and gestational weight gain. The only retrospective study that showed reduction in excessive gestational weight gain among CP participants used IOM definitions for pre-pregnancy BMI and GWG compare to most studies. 63 Moreover, assessing or measuring the actual GWG without giving consideration to
pre-pregnancy body mass index (which includes measures like pre-pregnancy weight and
height of the mothers) in accordance to IOM guidelines as not seen in most of the retro-
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spective cohort studies may be another reason for variation in results of previous evaluations. 31, 33, 57, 65, These studies measured the crude GWG, which is the difference between
weight at delivery minus self-reported pre-pregnancy weight or weight at first visit without considering gestational age at delivery and IOM GWG goals. This study will assess
total GWG in relation to pre-pregnancy BMI, gestational age and weight at delivery as
outlined by IOM guidelines.

Another limitation identified from previous evaluations of the effect of GPNC on
GWG was lack of awareness and monitoring of calorie content of daily food intake during pregnancy which might have skewed estimates or results positively or negatively.62
Greenville Medical Group (now Prisma Health-Upstate) located in the northwestern corner of South Carolina found a higher rate of excessive gestational weight gain in normal
weight and overweight women who participated in their CenteringPregnancy program
compared to traditional prenatal care.62 The site doesn’t have nutrition-related contents or
minimum of it, and they even gave out candies during sessions to reward the participants
for active engagement during sessions, which might all contributed to null or opposite effect in GWG among centering women. It is important to provide special knowledge on
nutrition and calorie intake to pregnant women as it influences the mothers overall weight
gain which consequently affect the rate at which fetus increases healthily in size from
first to last trimester of pregnancy. Prisma Health-USC Medical Group CenteringPregnancy program (medical group centering program under study) gave the topic of healthy
nutrition in pregnancy a unique approach by a specifically designed CP program to target
nutrition and GWG among centering women, coupled with healthy behavioral approaches and social support in all group sessions (about 8-12sessions) during pregnancy.
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The health providers, nutritionist or health educator provide guidance to daily meal-serving, make available some healthy food choices for demonstration and eating with emphasis placed on how to attain adequate GWG based on pre-pregnancy BMI (desired result)
during sessions as detailed in chapter 1. In light of this opposite result, it is important to
reexamine and identify whether an adapted CP program of Prisma Health-USC Medical
Group midland sites with a focus on nutrition has effect on GWG and thus, can help address this limitation and assist participants to gain healthy weight compared to traditional
individual PNC participants. This hopefully, will provide a more accurate estimate of the
effect of the two types of prenatal care on gestational weight gain.

The variation in results on the effect of CP program on GWG was also explained by
differences in the women’s actual participation in the group care program as measured by
number of sessions attended or number of visits during pregnancy by women in group
care. Quite a number of the retrospective studies didn’t consider total number of PNC
visits 61, 66, 58 The variable is available in our dataset and can be adjusted for in the statistical analysis when evaluating the effect of both types of PNC on GWG.

It was also noted in some of the retrospective studies that women opted or self-selected themselves into group care programs which could have led to self-selection bias
leading to systematic error in results/estimates of association of GWG with the two types
of PNC. 57, 58 In controlling for this in a few studies, there was variation in selection and
matching of women in individual care to women in group care by factors or criteria such
as age, race-ethnicity, pre-pregnancy BMI, gestational age at entry, and number of PNC
visits or sessions attended. 31, 59, 63, This study plans to address this with careful selection
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of matching criteria or factors as reviewed from previous studies (e.g. maternal sociodemographic and medical history variables which are available in our dataset to estimate
each patient’s probability (propensity score) of receiving treatment (CenteringPregnancy
group care)) or not, i.e., recreate their decision process and estimate the probability that
individual patients received the treatment or not. 67, 68 This will be discussed in detail in
chapter 3.

All these limitations (lack of awareness and monitoring of calorie content of daily
food intake during pregnancy, assessing or measuring GWG without consideration for
pre-pregnancy BMI and gestational age, not adjusting for their actual participation in the
group care program as measured by number of sessions attended, and not controlling for
self-selection into the program coupled with differences in matching criteria in few studies) may have affected the estimates of CP effect on GWG and could explain the differences in findings across studies. Given the existing literature and recognizing these limitations in previous studies on maternal outcome gestational weight gain and bearing in
mind the unique approach to CenteringPregnancy program (enhanced nutritional
knowledge or nutrition specific contents/curriculum) by Prisma Health-USC Medical
Group are important reasons to re-evaluate the outcome-gestational weight gain.

2.3. Literature Review- Gestational Hypertension
As mentioned before, chronic hypertension or pre-existing hypertension is the most common medical problem encountered during pregnancy, and it remains an important cause
of maternal and fetal morbidity and mortality. It generally complicates about 2 to 3 percent of pregnancies. Chronic or pre-existing hypertension in pregnant woman is defined
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as blood pressure readings that are higher than 140/90mmHg before conception or within
the first 20weeks of gestation. Gestational hypertension, pre-eclampsia and eclampsia
are the types of pregnancy induced hypertension (PIH) or hypertensive disorders of pregnancy. Gestational hypertension is diagnosed when blood pressure readings are equal to
or higher than 140/90mmHg in a woman who had normal blood pressure prior to
20weeks of pregnancy without proteinuria. 11, 69, 70 Women with preexisting and pregnancy induced hypertension are at increased risk for preeclampsia and eclampsia, although many women who develop preeclampsia/eclampsia have no history of high blood
pressure.11, 71 Preeclampsia (mild or severe) is defined as high blood pressure in pregnant
women who haven’t had high blood pressure before, with swelling of hands and feet and
protein in urine, while eclampsia follows conditions or symptoms associated with
preeclampsia but in addition has mental status changes such as severe headache and seizures. Black women are more likely to develop preeclampsia and to experience poorer
outcomes associated with the condition, including progression to eclampsia and in rare
cases, death. Preeclampsia/eclampsia is estimated to complicate between 3 and 6 percent
of all pregnancies and is considered one of the most preventable causes of maternal
death.12, 71
International Classification of Diseases ICD-9 and ICD-10 CM diagnosis codes of
hospital discharge data are the official system of assigning codes to diagnosis and procedures associated with hospital utilization in the United States. They are used to code and
classify hypertensive disorders of pregnancy morbidity and mortality data from birth certificate or death certificate accordingly. Table 2.2. shows classification of hypertension in
pregnancy using ICD-9 CM diagnosis codes. The codes span from ICD-9 642.0x-6x and
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9x and they represent pre-existing or chronic hypertension, gestational hypertension, unspecified hypertension, and preeclampsia/eclampsia. Table 2.3 shows classification of hypertension in pregnancy using ICD-10 CM diagnosis codes. The codes span from O13 to
O16, and they represent pre-existing or chronic hypertension, gestational hypertension,
unspecified hypertension, and preeclampsia/eclampsia. For the purpose of this study,
pregnancy induced hypertension will be assessed using both ICD-9 and 10 which include
patients with defined gestational hypertension (GHTN), preeclampsia and eclampsia (as
most women who develop preeclampsia and eclampsia first develop gestational hypertension) and exclude chronic or pre-existing hypertension. It is clinically and virtually impossible to use this code on a non-pregnant female within the age range.

72, 73

Table 2. 2 ICD-9 CM diagnosis codes for classifying hypertension in pregnancy
ICD-9-CM diagnosis code
642.0x
642.1x
642.2x
642.3x
642.9x
642.4x
642.5x
642.6x

Type of Hypertension

Description

a

Benign essential hypertension complicating pregnancy, childbirth, and the puerperium
Hypertension secondary to renal disease, complicating pregnancy, childbirth, and the puerperium
Other pre-existing hypertension complicating pregnancy, childbirth, and the puerperium
Transient hypertension of pregnancy
Unspecified hypertension complicating pregnancy,
childbirth, and the puerperium

Preexisting or Chronic
Hypertension

Gestational Hypertension
Unspecified Hypertension

Mild or unspecified pre-eclampsia
Preeclampsia/eclampsia

Severe pre-eclampsia
Eclampsia

a = Records with multiple codes were assigned to one category using the following hierarchy: preeclampsia/eclampsia,
preexisting hypertension, gestational, unspecified.

Table 2. 3 ICD-10 CM diagnosis codes for classifying hypertension in pregnancy
ICD-10-CM diagnosis code

Type of Hypertension a

Description
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O10

Pre-existing hypertension complicating pregnancy,
childbirth and the puerperium

O10.0x

Pre-existing essential hypertension complicating pregnancy, childbirth and the puerperium
Pre-existing hypertensive heart disease complicating
pregnancy, childbirth and the puerperium

O10.1x
O10.2x
O10.3x
O10.4x
O10.9x

Pre-existing hypertensive renal disease complicating
pregnancy, childbirth and the puerperium
Pre-existing hypertensive heart and renal disease complicating pregnancy, childbirth and the puerperium
Pre-existing secondary hypertension complicating
pregnancy, childbirth and the puerperium
Unspecified pre-existing hypertension complicating
pregnancy, childbirth and the puerperium

Preexisting
or
Chronic Hypertension

O11
O11.x

Pre-eclampsia superimposed on chronic hypertension

O13
O13.x

Gestational or pregnancy induced hypertension
without proteinuria

Gestational Hypertension

Unspecified maternal hypertension

Unspecified Maternal Hypertension

O16
O16.x
O14
O14.0x
O14.1x
O14.2x
O14.9x
O15

Pre-eclampsia
Mild to Moderate pre-eclampsia
Severe pre-eclampsia

Pre-eclampsia

HELLP syndrome
Unspecified pre-eclampsia
Eclampsia

O15.0x

Eclampsia complicating pregnancy

O15.1

Eclampsia complicating labor

O15.2

Eclampsia in complicating puerperium

O15.9

Eclampsia, unspecified as to time period

Eclampsia

*** https://www.icd10data.com/ICD10CM/Codes/O00-O9A/O10-O16

The effect of the two types of prenatal care on development of hypertensive disorders
of pregnancy (pregnancy induced hypertension) including preeclampsia, eclampsia or
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gestational hypertension is yet to be addressed directly in the literature. Prior evaluations
of CenteringPregnancy group prenatal care have considered mostly psychosocial welfare
including measures of stress, anxiety, and social support as maternal outcome.74, 49, 75
Two studies were identified that are close to the topic of the current study but not exactly,
and therefore conclude that this was not studied before. One is a qualitative study carried
out in Egypt which looked at the effect of CenteringPregnancy on empowering women
with gestational hypertension-pre-eclampsia 76, and another is ongoing randomized controlled trial looking at gestational hypertension as secondary outcome among
CenetringPregnancy participants compare to individual care in Prisma Health Upstate,
formerly known as Greenville Health System with no enhanced nutrition education component nor published study yet on this outcome. 76, 77 The qualitative study (in Egypt)
concluded that CP participation with health provider management measures and selfmonitoring of blood pressure was associated with clinically observable reduction in blood
pressure of participants with preeclampsia, which in turn cause reduced hospital admissions and re-admissions for this condition for a period of twelve months. 76 Given the existing literature without prior published study on the effect of CenteringPregnancy program on pregnancy induced hypertension and its types, it’s important to address the possible effect of the program compare with traditional PNC, in predicting pregnancy induced hypertension, a major cause of maternal morbidity and mortality. It’s been shown
in studies that women in CP are more likely to have better knowledge of prenatal care,
more readily prepared for labor and delivery and are more satisfied with care received. 75
Thus, this study evaluates the effect of CP program on development of gestational hypertension including pre-eclampsia and eclampsia in pregnant women who participated in
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the program with no prior history of hypertension i.e., no hypertension up until 20weeks
of pregnancy.

2.4 Rationale for study or research
Understanding the impact of this type of care on the stated outcomes-gestational
weight gain and gestational hypertension will contribute to the design of future prenatal
care interventions, thus support the development of evidence-based approaches for enhancing intervention effects on pregnancy outcomes. Our research in this area can guide
prenatal care providers on how they assess their patient population and customize their
group prenatal care content. This can lead to development of additional models, besides
CenteringPregnancy, to meet the needs of this specific population of patients. 78 This is
our rationale for the two aims of the research, to fill two major deficiencies and gaps
identified in literature relating to maternal health outcomes of group prenatal care; that is,
achieve better understanding of the effect or impact of the group model of prenatal care
(CenteringPregnancy) versus traditional prenatal care on maternal outcomes- gestational
weight gain and gestational hypertension on women who completed either of the two programs at Prisma Health-Midlands between 2015 and 2019. Thus, we use linked birth certificate data and hospital discharge data of midlands obstetric clinics to address the impact, using rigorous scientific method i.e., propensity score analysis method. The data
come from South Carolina Revenue and Fiscal Affairs Office (SC RFA). The data has
never been used to carry out similar or related study in the past to analyze those maternal
outcomes. Knowledge gained on health outcomes of mothers will provide evidence-based
information to funding organizations on which PNC model to continue to invest in, in
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this age of limited healthcare resources and rising healthcare expenditure, and as well inform health policy analysis and action.
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CHAPTER 3
RESEARCH DESIGN, DATA AND METHODS
3.1 Overview of organizational structure of the chapter
The chapter is focused on the research design and methods which also incorporates
description of validation study design on a sub-sample of centering women to proof the
accuracy of gestational weight gain records (our aim 1 outcome) on linked birth certificate and hospital discharge data compare to data obtained from electronic medical record
(the gold standard). The chapter also includes research setting and participants, inclusions, and exclusions criteria for aim 1 and 2, data source, sample size, statistical analysis
plans for both aims and equations.

3.2 Research Design
This is a retrospective study of women who received CenteringPregnancy group prenatal care compared to those who had traditional prenatal care between 2015 and 2019 at
Palmetto Health-USC Medical Group now Prisma Health-USC Medical Group using
linked birth certificate and hospital discharge record dataset received from South Carolina Revenue and Fiscal Affairs (SC RFA) Office.
To improve the rigor of our study design, we first validated the accuracy of gestational weight gain records for a sub-sample (30% or n=206 centering women) out of a
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total of 668 centering women who had delivered at the medical group sites between 2015
to 2019 by comparing linked birth certificate with hospital discharge data and data abstracted from the electronic medical charts (the gold standard and least-biased reference).
Previous studies that looked at the outcome as measure of effectiveness of CenteringPregnancy versus individual prenatal care highlighted the need for this, stating that
gestational weight gain records or reported values on birth certificates (BC) may be inaccurate. 62, 79 This will expand current evidence and inform researchers and maternal and
child health professionals on how best to use and interpret birth certificate data for surveillance, public health practice, and research purposes.79

Centering women between
2015 and 2018 N = 804
(From CenteringPregnancy
Manager list)
Without SSN and
DOB = 53
N = 751
Duplicate by
SSN= 83
N = 668
206 random sample
taken for EMR
abstraction

Figure 3. 1 Flow chart for sampling of centering women for medical record data abstraction

Medical record abstraction is the method used to collect data for the 206 randomly
selected CP women stratified across the sites offering the program, which involves manually searching through electronic medical record with their identifiers to abstract data required for assessing/measuring their GWG. Predesigned medical abstraction form (attached to appendix) that’s Health Insurance Portability and Accountability Act (HIPAA)
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compliant was used to guide and facilitate the abstraction of patients’ information related
to the study item which is gestational weight gain. Crude total (gestational) weight gain
was calculated for both data sources as the difference between pre-pregnancy weight and
weight at delivery and were compared. Secondly, weekly rate of gestational weight gain
[(total weight gain – expected first trimester gestational weight gain) / (gestational age at
birth in weeks – 13weeks)] was also calculated for both data sources and used to categorize these women into inadequate, adequate, and excessive gestational weight gain as recommended by IOM guideline that specifies the amount of gain that is acceptable, based
on the mother’s pre-pregnancy BMI. Simple correlation or comparison between birth certificate source data and medical record source data for gestational weight gain including
their height, pregnancy weight, pre-pregnancy BMI, and weight at delivery were assessed. For these variables and since they are continuous variables, we calculated their
means, standard deviations, mean differences (birth certificate minus medical record) and
95% confidence intervals, and then categorized the differences as under-reported, reported within and over reported by 1inch/2.5cm for height, 3lbs/1.4kg for pre-pregnancy
weight and weight at delivery and 1unit BMI for pre-pregnancy BMI. These variables
were assessed because they were needed to estimate GWG.
Overall distributions of pre-pregnancy BMI and GWG categories derived from both
sources were assessed. For the pre-pregnancy BMI and gestational weight gain categories
obtained from medical records and birth certificates, we calculated the percent agreement, kappa statistics to account for chance agreement between the two data sources.
Sensitivity, specificity, negative predictive value (NPV) and positive predictive value
(PPV) were also calculated for these two variables and assessed between the two data
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sources as well. In theory, percent agreement or accuracy is calculated as the number of
true positives plus the number of true negatives, divided by the number of true positives
plus the number of true negatives plus the number of false positives plus the number of
false negatives. Sensitivity of a test is the ability of the test to correctly identify individuals with the disease (BMI/GWG categories), and it is calculated as the number of true
positives, divided by the number of true positives plus the number of false negatives [(TP
/ (TP+FN)]. Practically, let’s take inadequate GWG as an example, by definition, TP is
equal to the number of patients who are both positive for “inadequate GWG” according
to the birth certificate and the electronic records, FN is the number of patients who have a
negative test (birth certificate) but a positive true “inadequate GWG” (electronic records).
TN is the number of patients who are negative for inadequate GWG for both the electronic records and the birth certificates. FP is the number of patients who have a positive
test for inadequate GWG (according to the birth certificate) but in actuality is not inadequate GWG according to the electronic records. The TP, FN, TN and FP follows the
same pattern for other categories of BMI and GWG. Specificity is the ability of the test to
correctly identify those without the disease and it is calculated as the number of true negatives divided by the number of true negatives plus the number of false negatives [(TN /
(TN + FP)]. Positive predictive value (PPV) is the probability that individuals who test
positive with screening test (medical charts) actually have the disease and the formula is
PPV=TP / (TP + FP) while negative predictive value (NPV) is the probability of those
that test negative with screening test are truly free of the disease and the formula is NPV
= TN / (TN + FN). We also assessed how these validity measures vary by sociodemographic characteristics such as age, race, parity and sites. 80, 81, 82
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3.3 Population (Setting and Participants)
All pregnant women (de-identified from record) who registered in early weeks (by
first trimester) of pregnancy into CenteringPregnancy program in three out of five locations of the medical group discussed in chapter one (University Specialty Clinics, Department of Obstetrics and Gynecology or 2, Medical Park; Prisma Health Women's Center
[1801]; Prisma Health Baptist Parkridge Hospital-Parkridge OB/GYN) between 2015 and
2019 and followed up to until delivery were eligible for the study. Two of the practicesites (Sumter OB/GYN-Prisma Health Tuomey Hospital and Prisma Health-USC Medical Group Family Medicine Center) were not considered because the Family Health Center saw mostly mixed population of immigrant women that were underserved and probably came in as an emergency while Sumter OB/GYN Clinic did not have their patients’
information in OneChart (electronic medical record) to be used for the study. Although
the centering program started 2013 at the medical group, we excluded the first two years
of the program when the program was in start-up phase and needed time for full activity
to take effect. Women who registered in traditional prenatal care in these three prenatal
care locations were chosen as comparison group. Discussed below are the inclusion and
exclusion criteria.

3.4 Data
Personal identifiers like first name, last name, social security number (SSN) and date
of birth (DOB) of women that participated in CenteringPregnancy program between 2015
to 2019 were needed to properly identify centering participants, so were sent to South
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Carolina Revenue and Fiscal Affairs Office (SC RFA) by Prisma Health-USC Medical
Group midland obstetric clinics to match centering women in their database. We received
de-identified birth certificate and hospital discharge record data of centering and non-centering women (comparison group that had TPNC) of the medical group from SC RFA
and were used to assess the two aims of the research project. About 98% of centering
women successfully matched their SCRFA BC database. There are likely three reasons
for the incomplete (2%) unmatched centering women. It may be that they delivered out
of state of South Carolina, or at a birthing center and not hospital or they delivered outside of our timeframe (2015 and 2019).

Ethical statement- The protocol was reviewed, approved, and documented by the Prisma
health medical group in collaboration with OBGYN department and the University of
South Carolina Institutional Review Boards (IRB). All guidelines, including treating data
as confidential and not making attempt to identify individual participants were observed.

3.5 Sample size
Our estimated sample size for centering women is 595 from hospital discharge records for the period under consideration while the total sample size for non-centering
women i.e., those that had traditional prenatal care is 28,649. Inclusion and exclusion criteria were applied to these numbers, so also matching criteria during statistical analysis
procedure.
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3.6 Inclusions and exclusions criteria aim 1
To ensure the women in each group are comparable, the following inclusion and exclusion criteria were observed. CenteringPregnancy prenatal care is usually offered to
women who meet the following criteria: they register in the first twenty weeks of pregnancy, age falls between 18-49years (reproductive age group) and expected to have a singleton birth. Women who had previous low birth weight infant, mental health issues or
prior cesarean birth can also participate in centering program. Women who have prepregnancy diabetes, carry multiple gestation, had or have cervical incompetence, lupus,
heart disease, kidney disorder, clotting disorders, HIV and seizures were excluded.
Women with pre-pregnancy weight less than 50 or greater than 650, height less than
3feets or greater than or equal to 8feets or body mass index (BMI) less than 12 or greater
than 100 at two months of pregnancy were also excluded from the study. 83 Patients with
pre-pregnancy hypertension or chronic hypertension were included. Also, birth weights
less than 500grams or greater than 5000grams were excluded. Some of these mentioned
elements were already excluded at the start of CenteringPregnancy PNC program (like
multiple gestation, had or have cervical incompetence, lupus, heart disease, kidney disorder, clotting disorders, HIV and seizures) while some were excluded during statistical
analysis process as indicated in figure 3.2. We applied the same exclusion criteria to
women who had traditional-individual care for comparable match (figure 3.3). We also
excluded births with missing data on outcome or covariate information on linked birth
certificate and hospital discharge dataset. This is a small number in the dataset as shown
in figure 3.3.
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3.7 Inclusions and exclusions criteria aim 2
The same inclusion and exclusion criteria were applied to women who had either
type of PNC to ensure comparability but additionally, patients with pre-pregnancy or
chronic hypertension were excluded as shown in figures 3.4. and 3.5. Patients with multiple gestation, pre-pregnancy hypertension or chronic hypertension and pre-pregnancy diabetes were excluded as they are associated with hypertensive disorders of pregnancy
which is the outcome of analysis. We also excluded births with missing data on outcome or covariate information in dataset as indicated in figures 3.4 and 3.5.
Centering women from linked or merged
birth certificate and hospital discharge
datasets for years 2015 and 2019 equals 595
with 568 meeting inclusion/exclusion criteria
Age< 18 = 20
N =575
Age>49= 0
N = 575
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N =575
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0
N = 574
Height < 3feets =0
Height >8feets =1
N = 573
Pre-pregnancy diabetes= 4
N = 569
Baby Birth weight < 500pounds= 1
Baby Birth weight >5000pounds=0
N = 568
Patient categorized as centering from noncentering group after matching=0
N = 568
Male patient in dataset=0
N = 568

Figure 3. 2 Flow chart of centering women for study selection for aim one

3.8 Statistical Analysis Plan Aim 1
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Specific Aim 1 is as follows: to examine the effects of CenteringPregnancy group prenatal care (GPNC) versus traditional prenatal care on gestational weight gain. We hypothesize that women who received GPNC model will have higher percentage of adequate gestational weight gain than women who received traditional individual prenatal care.
Non-centering women from linked birth
certificate and hospital discharge datasets
for years 2015 and 2019 equals 28649 with
27541 meeting inclusion/exclusion criteria
Age< 18 = 503
N = 28146
Age>49= 3
N =28143
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N = 28143
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0
N = 28142
Height < 3feets =0
Height >8feets =117
N =28026
Pre-pregnancy diabetes=337
N = 27689
Baby birth weight <500pounds =107
Baby birth weight >5000pounds=38
N =27544
Patient categorized as centering =1
N = 27542
Male patient in dataset=1

N = 27541

Figure 3. 3 Flow chart of non-centering women for study selection for aim one

3.8.1 Dependent Variables (Outcomes): The primary outcome of interest is gestational
weight gain (GWG), which was used as continuous variable and, alternatively, as categorical variable: inadequate (=1), adequate (=0), and excessive (=2). GWG was measured
in three steps to better assess and estimate the effect of CenteringPregnancy (CP) versus
traditional prenatal care (TPNC) on GWG. GWG categorical variables were derived in
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three ways. First is the traditional or crude estimate, which is the difference between
weight at delivery (or last PNC) and pre-pregnancy weight (or weight in the early weeks
of pregnancy i.e., first trimester). This gives us the observed or total weight gain in pregnancy, which is the GWG continuous variable. For the categorical variable version, this
total weight gain is divided into inadequate, adequate, and excessive weight gain for each
pre-pregnancy BMI categories based on 2009 IOM guideline (12.5–18kg for BMI <18.5
kg/m2, 11.5–16kg for BMI 18.5–24.9 kg/m2, 7–11.5kg for BMI 25.0–29.9 kg/m2, and 59kg for BMI ≥ 30kg/m2) as referenced in table 2.1.
Centering women from linked or
merged birth certificate and
hospital discharge datasets for years
2015 and 2019 equals 596 with 547
meeting inclusion/exclusion criteria
Age< 18 = 20
N = 576
Age>49= 0
N = 576
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N =576
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0
N = 575
Height < 3feets =0
Height >8feets =1
N = 574
Pre-pregnancy diabetes= 2
N = 572
Baby Birth weight < 500pounds= 1
Baby Birth weight >5000pounds=0
N = 571
Patient categorized as centering from
non-centering group after matching=1
N = 570
Male patient in dataset=0
N = 570
Pre-pregnancy hypertension=23

N = 547

Figure 3. 4 Flow chart of centering women for study selection for aim two
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The second approach is to calculate the average second and third trimester weekly rates
of weight gain which put into consideration gestational age at birth. The assumption here
is that in the first trimester which is equal to thirteen weeks, the expected or recommended weight gain (in kg) varies by pre-pregnancy BMI: women with pre-pregnancy
BMI less than 25 are expected to gain 2kg on average; women who are overweight with
pre-pregnancy BMI between 25 and 29.9 are expected to gain 1kg on average; and those
who are obese with pre-pregnancy BMI of greater than or equal to 30 are expected to
gain 0.5kg on average. 84, 85, 86 The weekly rate of GWG in the second and third trimester
of pregnancy = (total weight gain – expected first trimester gestational weight gain) /
(gestational age at birth in weeks – 13weeks).
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Non-centering women from linked birth
certificate and hospital discharge datasets
for years 2015 and 2019 equals 28649 with
26729 meeting inclusion/exclusion criteria
(SCRFA without duplicates)
Age< 18 = 502
N = 28147
Age>49= 2

N =28145
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N = 28145
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0

N = 28144
Height < 3feets =0
Height >8feets =114
N =28030
Pre-pregnancy diabetes=239
N = 27791
Baby Birth weight < 500pounds=95
Baby Birth weight >5000pounds=36
N =27660
Patient categorized as centering =1
N =27659
Male patient in dataset=1
N = 27658
Pre-pregnancy hypertension=929
N = 26729

Figure 3. 5 Flow chart of non-centering women for study selection aim two

This average weekly rate of weight gain for 2nd and 3rd trimesters as defined by
2009 IOM guideline according to pre-pregnancy BMI are 0.5kg/wk, 0.4kg/wk, 0.4kg/wk,
and 0.2kg/wk for underweight, normal weight, overweight, and obese women, respectively. This is used to create categories of weekly rate of weight gain: inadequate, adequate, and excessive weight gain based on their pre-pregnancy BMI categories as referenced in table 2.1. Most women in our dataset were found to have delivered at term, so
the second approach was used to assess and calculate weekly rate of gestational weight
gain. Alternatively, or thirdly, gestational weight gain can be standardized regardless of
duration of gestation and assume all pregnancies deliver at 40weeks, and calculate the
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weekly rate of gestational weight gain by dividing the total weight gain by gestational age
at birth, then multiply by 40weeks, then assess the gestational weight gain categories.
This last approach was not used in our final analysis but for comparison sake since most
patients delivered at term and it’s also not recommended.

62, 87

3.8.2 Independent Variables (Predictors): Our primary predictor of interest is pregnant
women who registered for prenatal care into either CenteringPregnancy group prenatal
care (CP = 1) or traditional PNC (TPNC = 0). Participants in CP that attended TPNC for
reasons such as discussing issues requiring more privacy or other issues that could not be
fully addressed during group care personal assessment periods were classified or counted
as having group prenatal care because CP package primarily involves group sessions and
supplementary individual counselling time with physicians or health care providers, thus
help stay at balance and avoid cross-over issues or contamination.

3.8.3 Covariates: Based on availability of data on birth certificate and hospital discharge
records and literature review, 88 we used the following maternal sociodemographic characteristics and medical history variables as covariates for model adjustment and they include age, race-ethnicity, level of education, pre-pregnancy BMI, gestational age at entry
or time prenatal care began, parity, and smoking status. Other maternal characteristics
that were assessed in the data were used to describe mothers in either type of care and
they include gestational age at delivery, number of prenatal care visits, use of supplemental Nutrition Program for Women, Infant and Children (WIC) and health insurance
type. These constitute our full set of covariates. Maternal age was categorized as <20, 20-
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24, 25-29, 30-34, and >=35years. Gestational age at entry or time prenatal care began
was categorized into 1st trimester (0-3months), 2nd trimester (4-6months) and 3rd trimester
(7-9months). Gestational age at delivery categorized into pre-term (<=37weeks) and term
(>37weeks). Maternal education was categorized as less than high school, high school
graduate, college graduate, post-graduate. Maternal race-ethnicity was grouped as nonhispanic white, black, Asian (plus other pacific islander), and others/unknown. Parity
was categorized as having no child, one child, two children and greater than or equal to
three children. Maternal tobacco smoking before and during pregnancy were categorized
as yes, or no. Average number of prenatal care visits was assessed. WIC participation
during pregnancy was categorized into yes or no. Health insurance status was grouped as
private insurance/pay, government/Medicaid pay, self-pay and other pay types.

3.8.4 Statistical Analyses: Analyses was conducted using Stata/SE statistical software
version 14.1. We ran descriptive statistics for maternal sociodemographic and medical
history variables. Means and standard deviations (and t-test to check difference between
means of the 2 groups) were computed for continuous variables such as pre-pregnancy
BMI, while frequency distributions and percentages (and Chi square (χ2) test to check
differences between 2 or more percentages or proportions) for categorical variables like
maternal age, education, gestational age, race/ethnicity, parity, smoking status, prenatal
care visits, WIC and health insurance. Initial unadjusted bivariate linear regression analysis was conducted with GWG as a continuous outcome variable, and CenteringPregnancy
versus TPNC participants as predictor or independent variable. Then, an adjusted regression analysis with GWG as continuous outcome variable and CenteringPregnancy versus
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TPNC participants as predictor or independent variable with covariate set such as age,
race, level of education, pre-pregnancy BMI, parity, smoking status, gestational age, prenatal visits, WIC, health insurance) to obtain coefficients, standard errors and confidence
intervals. Unadjusted bivariate multinomial logistic regression analysis was conducted
with GWG as categorical outcome variable (inadequate, adequate and excessive) and
CenteringPregnancy versus TPNC participants as predictor or independent variable.
Then, an adjusted multinomial logistic regression analysis was also conducted with GWG
as categorical variable and CenteringPregnancy versus TPNC participants as predictor or
independent variable with covariate set such as age, race, level of education, pre-pregnancy BMI, parity, smoking status, gestational age, prenatal visits, WIC, health insurance. The multinomial logistic regression gave crude coefficients, relative risk ratios
(RRRs), standard errors and confidence intervals.
To further improve rigor of statistical analysis and assess or evaluate relationship between CenteringPregnancy versus traditional prenatal care and adequacy of gestational
weight gain, we performed propensity score analysis, an alternate to conventional covariate adjustment. The essence of this analysis is to account for or reduce the problem of
confounding of patient characteristics in our observational study or database and lack of
randomization to treatment (CP program), recognizing that participants may have selfselected into treatment or the other. There are several methods of propensity score analysis, which are covariate adjustment using the propensity score, inverse probability to
treatment weighting (IPTW), propensity score matching, and stratification (or subclassification) on the propensity score. For this study, we assessed the first two listed above
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methods for propensity score analysis (PSA), which are covariate adjustment using propensity score and inverse probability to treatment weighting (IPTW) which is the same as
propensity score weighting. The method aim of the PSA to balance covariates between
centering (treated group) and non-centering women (untreated or control group). 89, 90, 91,
92

For the PSA, propensity or probability to the treatment score (CP program) was esti-

mated, then the score is converted to weights and used in the final model to generate
treatment effect on GWG. Here is a quick summary of the propensity score and propensity score weight generation procedure to correct for potential bias due to self-selection to
either type of care: - (a) first decide on the set of covariates to be included in the analysis.
(b) use logistic regression to obtain/generate propensity scores (PS) for each subject or
participant probability to treatment. (c) Estimate the treatment effect using multinomial
logistic regression adjusting for propensity scores and propensity score weights, which
are the final models for this PS analysis. The identified covariates are carefully selected
background sociodemographic and medical history variables as reviewed from literature.
The more appropriate set of covariates used, the better the prediction of probability to
treatment selection (CenteringPregnancy program).
In estimating or generate propensity scores, which is the probability of receiving
treatment assignment (CP group care) or participating in TPNC, logistic regression model
was used as stated in (b) above to regress the treatment (participation in CP) on covariates which are age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy BMI, and time at initiating PNC. The treatment assignment (CP) versus the untreated was the dependent variable and the identified covariates were used as the inde-
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pendent variables in the logit model. Since propensity score is probability of treatment assignment, it ranges from 0 to 1. The effect estimate was calculated using multinomial logistic regression models to regress gestational weight gain categories (adequate, inadequate, excess) as outcome variable and CP versus TPNC as predictors of interest and adjusting for propensity scores. This procedure gives the relative risk ratio, standard error,
P-value, and confidence interval for treatment effect (CP) on weight gain in pregnancy
whether inadequate, adequate, or excessive.
For the inverse probability to treatment weighting (IPTW) analysis simplified in
“c” above, we created a weighted multinomial logistic regression model. This was
achieved by generating propensity score weights (weighted predicted probabilities) with
which 1/propensity score was ascribed to participants of CenteringPregnancy program
and 1/(1-propensity score) for mothers that had traditional prenatal care. The weighted
predicted probabilities (propensity score weights) were then adjusted for in a multinomial
logistic regression model. This gives effect estimate, relative risk ratio, standard error, Pvalue and confidence interval for participation in either type of PNC as independent variable and GWG categories as a dependent variable. The advantage of this procedure or
method is that all the individuals included in the study were used for outcome evaluation
just like the previous PS method, but this procedure (IPTW) reweights or produces additional observations for our target population which are centering women who had fewer
observations compare to those that had traditional prenatal care with near perfect covariate balance. 89, 90, 91, 92 It reduces error of variance associated with covariates or independent variable. This PS method is recommended by current scientific literature over other
methods as its more robust with heteroscedasticity in observational study data. This was
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compared with the crude effect estimate and effect estimate from propensity score adjusted model.

3.8.5 Equations: GWG= Gestational Weight Gain as continuous variable
GWGi= Gestational Weight Gain categories (Inadequate, adequate, excessive).
β0=Intercept
CPi= CenteringPregnancy group prenatal care (CP) versus Traditional Prenatal Care
(TPNC).
i

i

= Slope/vector of covariates/coefficients

= Random error term

PSi = Individual Propensity Score.
Ln=Log
Unadjusted Linear Regression Analysis Model Equation-GWG continuous
GWGi =

0

+ CPi +

Adjusted Linear Regression Analysis Model Equation-GWG continuous
GWGi =

0

+ CPi +

+

Unadjusted Multinomial Logistic Regression Analysis Model Equation-GWG categorical
Logit GWG (GWG - 1)/2 =

0

+ CPi +

i

Adjusted Multinomial Logistic Regression Analysis Model Equation-GWG categorical variable
Logit GWG (GWG - 1)/2 =

0

+ CPi +

i

+

i

Generation of Propensity Scores Using Logistic Regression
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PSi = Ln (CPi/(1-CPi)) =

0

+

i

+

i

Adjusted Multinomial Logistic Regression Model Using Propensity Scores Equation
Logit GWG (GWG - 1)/2 =

0

+ CPi + PSi +

i

Generation of Propensity Score Weights
PSwgti = CPi/PSi + (1-CPi)/(1-PSi)
IPTW or Weighted Multinomial Logistic Regression Model Using Propensity Scores
Weights Equation
Logit GWG (GWG - 1) / 2 =

0

+ CPi + PSwgti +

i

3.9 Statistical Analysis Plan Aim 2
Specific Aim 2 is as follows: to examine the effects of CenteringPregnancy group
prenatal care (GPNC) versus traditional individual prenatal care on gestational hypertension. We hypothesize that women who received GPNC model will have lower rate/percentage of development of gestational hypertension than women who received traditional
individual prenatal care.

3.9.1 Dependent Variables (Outcomes): The primary outcome variable for the second
aim is hypertensive disorders of pregnancy or pregnancy induced hypertension (PIH) using International Classification of Diseases, Nineth Revision ICD-9 and ICD-10 CM
codes. The effect of CenteringPregnancy on pregnancy induced hypertension was examined overall using ICD-9-CM codes (table 3.1), and then within three subgroup cases of
PIH which include (1) gestational hypertension and unspecified hypertensive disorders
of pregnancy combined; (2) mild or unspecified pre-eclampsia and (3) severe pre-eclampsia/eclampsia. 93 Preexisting or chronic hypertension (ICD-9-642.0x, 642.1x, and
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642.2x) was excluded. We did the same for ICD-10-CM codes. The effect of CenteringPregnancy on pregnancy induced hypertension was examined overall (table 3.2), and
then within three subgroup cases of PIH which include (1) all unspecified hypertensive
disorders of pregnancy and gestational hypertension combined; (2) mild to moderate preeclampsia, and (3) severe pre-eclampsia, HELLP syndrome, unspecified pre-eclampsia
and eclampsia combined. The HELLP syndrome and unspecified pre-eclampsia which
are types of severe preeclampsia were an upgrade in ICD10 compared to ICD9 coding
classification of PIH. Some of these PIH groups were combined as evaluating them individually may not give us enough sample size. 93 In cases where a woman had codes for
more than one of the categories of hypertensive disorder, she was assigned exclusively to
the diagnosis reflecting the most severe form, ordered as eclampsia/severe preeclampsia,
mild or moderate preeclampsia, and gestational hypertension.93 The four groups for
analysis of pregnancy induced hypertension (PIH) were categorized as present (=1) or absent (=0).

Table 3. 1 ICD-9 CM diagnosis codes for analyzing hypertension in pregnancy
Categories for analysis
1.All codes overall for analysis

Major Class Code
642.3x,
642.9x,
642.4x,
642.5x,
642.6x

2.Gestational hypertension
and unspecified hypertensive disorders of pregnancy
3.Mild or unspecified preeclampsia
4.Severe pre-eclampsia/eclampsia

642.3x, 642.9x

Subclass Codes
642.3x (642.30, 642.31. 642.32, 642.33,
642.34),
642.9x (642.90, 642.91, 642.92, 642.93,
642.94),
642.4x (642.40, 642.41, 642.43,
642.44),
642.5x (642.50, 642.51, 642.52, 642.53,
642.54)
and 642.6x (642.60, 642.61, 642.62,
642.63, 642.64))
642.30-642.34
642.90-642.94

642.4x

642.40-642.44

642.5x, 642.6x

642.50-642.54
642.60-642.64
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Table 3. 2 ICD-10 CM diagnosis code for analyzing hypertension in pregnancy
Categories for analysis
1.All codes overall for analysis

Major Class Code
O13.x, O16.x, O14.x,
O15.x

2.Gestational hypertension
and all unspecified hypertensive disorders of pregnancy

O13.x, O16.x

3.Mild to moderate pre-eclampsia

O14.0x

4.Severe
pre-eclampsia,
HELLP syndrome, unspecified pre-eclampsia and eclampsia

O14.1x,
O14.2x,
O14.9x, 015.x

Subclass Codes
O13.x (O13.1, O13.2, O13.3,
O13.4, O13.5, O13.9),
O16.x (O16.1, O16.2, 016.3,
O16.4, O16.5, O16.9),
O14.x ((O14.0 (O14.0, O14.00,
O14.02, O14.03, O14.04, O14.05);
(O14.1 (O14.10, O14.12, O14.13,
O14.14, O14.15); (O14.2 (O14.20,
O14.22, O14.23, O14.24, O14.25);
(O14.9 (O14.90, 014.92, O14.93,
O14.94, O14.95)),
and O15.x ((O15.0 (O15.0, O15.00,
O15.02, O15.03), O15.1, O15.2,
O15.9)
O13.x (O13.1, O13.2, O13.3,
O13.4, O13.5, O13.9))
O16.x (O16.1, O16.2, 016.3,
O16.4, O16.5, O16.9)
O14.0x (O14.0, O14.00, O14.02,
O14.03, O14.04, O14.05)
O14.1x (O14.10, O14.12, O14.13,
O14.14, O14.15)
O14.2x (O14.20, O14.22, O14.23,
O14.24, O14.25)
O14.9x (O14.90, 014.92, O14.93,
O14.94, O14.95)
015.x (O15.0, O15.00, O15.02,
O15.03, O15.1, O15.2, and O15.9)

3.9.2 Independent Variables (Predictors): Our primary predictor of interest is pregnant
women who registered for prenatal care into either CenteringPregnancy group prenatal
care (CP = 1) or traditional PNC (TPNC = 0). This is the same as aim one.

3.9.3 Covariates: Considering availability of data and literature review, 88, 93 maternal socioeconomic characteristics and medical history variables that were adjusted for as potential confounders are:- age, race-ethnicity, level of education, parity, pre-pregnancy BMI,
smoking status, and gestational age at entry or time prenatal care began. Other maternal
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characteristics that were assessed in the data for description of mothers in either type of
care include gestational age at delivery, number of prenatal care visits, use of supplemental Nutrition Program for Women, Infant and Children (WIC)and health insurance
type. Categorization of each covariate is the same as described in aim 1.

3.9.4. Statistical Analyses: Analysis was conducted using Stata/SE software version
14.1. In addition to the standard descriptive statistic procedure mentioned in aim 1 above,
(which are determination of means, standard deviations and t-test for continuous variables, and frequency/percentages and chi-square test reporting for categorical variables),
an initial unadjusted crude analysis was conducted to determine the association between
all PIH case groups and CenteringPregnancy vs TPNC using logistic regression model.
After then, an adjusted crude model of logistic regression analysis was conducted to estimate effect of CenteringPregnancy vs TPNC on all PIH case groups, controlling for all
important explanatory variables or covariates stated above to give crude odds ratio, standard error, P-value and confidence interval.
The same procedure of propensity score analysis methods, were carried out here too
as detailed out for aim 1. First estimate and generate propensity scores which is probability of receiving treatment assignment (CP group care) or participating in TPNC using logistic regression model to regress the treatment (participation in CP) on important covariates e.g., They are age, race-ethnicity, level of education, parity, smoking status, prepregnancy BMI, and time at initiating PNC.
Then, effect estimates, and standard errors were calculated by running a logistic regression model to regress overall pregnancy induced hypertension and the three group
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cases individually as outcome variables, and CP versus TPNC as predictors of interest adjusting for propensity scores. This procedure gave the odds ratio, standard errors, P-values and confidence intervals for treatment effect on development or absence of pregnancy
induced hypertension and in case groups.
For the inverse probability to treatment weighting (IPTW) method, weighted logistic regression model was created. This was achieved by generating propensity score
weights with which 1/propensity score was ascribed to centering moms and 1/(1-propensity score) for mothers that had traditional prenatal care. Then, the weighted predicted
probabilities (propensity score weights) were adjusted for in a logistic regression model.
This gives effect estimate in odds ratio, standard error and confidence interval for participation in either type of PNC as independent variable and PIH categories as a dependent
variable. This was compared with the crude effect estimate and effect estimate from propensity score adjusted model. The advantage is as described for aim one. 89, 90, 91, 92

3.9.5 Equations: PIH= All pregnancy induced hypertension or hypertensive disorders
cases as categorical variable ((ICD-9-CM codes: 642.3x (642.30, 642.31. 642.32, 642.33,
642.34), 642.9x (642.90, 642.91, 642.92, 642.93, 642.94), 642.4x (642.40, 642.41,
642.43, 642.44), 642.5x (642.50, 642.51, 642.52, 642.53, 642.54) and 642.6x (642.60,
642.61, 642.62, 642.63, 642.64)) OR (((ICD-10-CM codes: O13.x (O13.1, O13.2, O13.3,
O13.4, O13.5, O13.9), O16.x (O16.1, O16.2, 016.3, O16.4, O16.5, O16.9), O14.x
((O14.0 (O14.0, O14.00, O14.02, O14.03, O14.04, O14.05); (O14.1 (O14.10, O14.12,
O14.13, O14.14, O14.15); (O14.2 (O14.20, O14.22, O14.23, O14.24, O14.25); (O14.9
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(O14.90, 014.92, O14.93, O14.94, O14.95)), and O15.x ((O15.0 (O15.0, O15.00, O15.02,
O15.03), O15.1, O15.2, O15.9)))
PIH2= Gestational hypertension and Unspecified hypertensive disorders of pregnancy
(ICD-9-CM codes: 642.30-642.34 and 642.90-642.94) OR (ICD-10-CM codes: O13
(O13.1, O13.2, O13.3, O13.4, O13.5, O13.9) and O16 (O16.1, O16.2, 016.3, O16.4, O16.5,
O16.9)

PIH2= Mild to moderate pre-eclampsia (ICD-9-CM codes: 642.40-642.44) (ICD-10-CM
codes: O14.0 (O14.0, O14.00, O14.02, O14.03, O14.04, O14.05)

PIH3=Severe Pre-eclampsia and Eclampsia (ICD-9-CM codes:642.50-642.54 and
642.60-642.64) OR (ICD-10-CM Codes: O14.1 (O14.10, O14.12, O14.13, O14.14,
O14.15), O14.2 (O14.20, O14.22, O14.23, O14.24, O14.25), O14.9 (O14.90, 014.92,
O14.93, O14.94, O14.95), O15 (O15.0, O15.00, O15.02, O15.03), O15.1, O15.2, O15.9

β0=Intercept
CPi= CenteringPregnancy group prenatal care (CP) versus Traditional Individual Prenatal
Care (IPNC).
i

=Slope/vector of covariates/coefficients

Ui=Random error term
PSi = Individual Propensity Score.
Bivariate or unadjusted logistic regression analysis model equations (ICD9 and
ICD10)
Ln (PIH)/(1-PIH) =
Ln (PIH1)/(1-PIH1) =

0

+ CPi +
0

+ CPi +

i

i
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Ln (PIH2)/(1-PIH2) =

0

+ CPi +

i

Adjusted logistic regression analysis model equation (ICD9 and ICD10)
Ln (PIH)/(1-PIH) =

0

+ CPi +

i

+

i

Ln (PIH1)/(1-PIH1) =

0

+ CPi +

i

+

i

Ln (PIH2)/(1-PIH2) =

0

+ CPi +

i

+

i

Generation of Propensity Score Using Logistic Regression
PSi = Ln (CPi/(1-CPi)) =

0

+

i

+

i

Logistic regression analysis equation adjusting for propensity scores (ICD9 and
ICD10)
Ln (PIH)/(1-PIH) =

0

+ CPi + PSi +

i

Ln (PIH1)/(1-PIH1) =

0

+ CPi + PSi +

i

Ln (PIH2)/(1-PIH2) =

0

+ CPi + PSi +

i

Generation of Propensity Score Weights
PSwgti = CPi/PSi + (1-CPi)/(1-PSi)
IPTW or weighted logistic regression analysis equation adjusting for weighetd propensity score (ICD9 and ICD10)
Ln (PIH)/(1-PIH) =

0

+ CPi + PSwgti +

i

Ln (PIH1)/(1-PIH1) =

0

+ CPi + PSwgti +

i

Ln (PIH2)/(1-PIH2) =

0

+ CPi + PSwgti +

i
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CHAPTER 4
MANUSCRIPT 1: VALIDATION OF SELECTED ITEM ON SOUTH
CAROLINA STANDARD CERTIFICATE OF LIVE BIRTH1

1

O.A Momodu, E. L. Crouch, J. Liu, R. D. Horner, B. Chen. To be submitted to Journal
of Health Services Research and Policy.
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ABSTRACT
Background- Validating the quality of pre-pregnancy BMI and gestational weight
gain(GWG) records is critical to inform researchers and maternal and child health professionals on how best to use and interpret birth certificate (BC) database particularly gestational weight records on BC for surveillance, public health practice, and research purposes.79 The Institute of Medicine (IOM)’s recommended adequate gestational weight
gain is based on mother’s pre-pregnancy body mass index (BMI). Excessive and inadequate gestational weight gain in pregnancy is often associated with clinical conditions in
the mother (and infant as well).
Methods- The study used subsample data of centering women who had CenteringPregnancy (CP) program in three midlands obstetric clinics of South Carolina between 2015
and 2019. Accuracy of medical record abstracted data (gold standard) was compared
with birth certificate data source. The mean, mean differences were calculated for variables needed to assess pre-pregnancy BMI and GWG data, and then percent agreement
and kappa statistics were calculated for the pre-pregnancy BMI categories and GWG categories for both data sources.
Results-The study found that the mean values of BC BMI data, delivery weight and total
weight gain were similar to electronic medical record source. Data correlation for variables were quite strong for both data sources. BC classified almost similar proportions of
centering women into pre-pregnancy BMI categories but slightly underestimated normal
weight BMI and overestimated overweight BMI categories. Also, birth certificate slightly
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overestimated centering women with inadequate gestational weight gain and underestimated those with excessive gestational weight gain according to 2009 IOM recommendation. Overall, the estimate measures of pre-pregnancy BMI (weighted agreement =90%,
Kappa=0.78) and gestational weight gain categories (weighted agreement =84%,
Kappa=0.63) for centering women were like that of EMR information.
Conclusions- In summary, birth certificate estimates of height, pre-pregnancy BMI, prepregnancy weight, delivery weight pre-pregnancy BMI categories and gestational weight
gain categories of centering women were similar to medical record, and thus BC is a
valid database and can provide reasonable estimates for these variables for public health
practice, future research purposes and surveillance.
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INTRODUCTION
Validation of gestational weight gain is of particular interest because weight gain
within recommended levels or range according to Institute of Medicine (IOM) guidelines
or report on nutrition during pregnancy has favorable pregnancy outcome particularly
with infant birth weight.94 IOM recommended adequate gestational weight gain is based
on mother’s pre-pregnancy body mass index (BMI). Excessive and inadequate weight
gain in pregnancy is often associated with clinical conditions in the mother (and infant as
well). For example, excessive gestational weight gain is associated with increased risk of
pregnancy induced hypertension, gestational diabetes, complications during labor and delivery, non-elective caesarean section delivery, post-delivery weight retention and subsequent maternal obesity11 while inadequate gestational weight gain has more effect on the
unborn infant and may likely cause poor fetal development, intrauterine growth restriction (IUGR), prematurity, low birth weights and increased risk for delivery of small
for gestational age (SGA) infants.
It is important to assess the quality of gestational weight gain records on birth certificate (BC) because concerns were raised in literature from prior studies that looked at gestational weight gain as measure of effectiveness of CenteringPregnancy program versus
traditional prenatal care, stating that gestational weight gain records or reported values on
BC may be inaccurate based on mixed or inconsistent findings from studies (with some
showing positive association and some negative association), and therefore recommend
that a validation study be conducted to determine the quality of GWG reports on birth
certificates (BC). 1, 79, 62, Previous studies validating maternal data on BC particularly on
maternal pregnancy weight, height and GWG using EMR as the gold standard are quite
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few and were carried out in different populations and states outside the state of South
Carolina. The findings vary by state and cannot be generalized. The South Carolina
standard certificate of live birth serves as a legal document and a national and state data
source for monitoring maternal and infant health. The division of biostatistics at the Department of Health and Environmental Control provides for registration of births and the
items on birth certificate. Even though, the division ensures quality control, statistical
processing and disseminations of the vital statistics, there may still be error in obtaining
information pertaining to gestational weight gain from electronic medical records by the
medically trained people or paramedics who abstract the data from medical charts. This
may have led to imprecise estimation of effect of CenteringPregnancy program on gestational weight gain. Other examples of obstetric estimates on birth certificate that have
been validated in previous studies include gestational age in California and two additional
states; Medicaid coverage for delivery in Iowa, California, and two additional states; and
gestational diabetes in several states.79 The most comprehensive evaluation of the 2003
birth certificate was conducted by National Center for Health Statistics (NCHS), in a total
of eight hospitals in two states, and found wide variation in the quality of data by item
and hospital. Validating the accuracy of pre-pregnancy BMI and gestational weight gain
records on medical charts can inform researchers and maternal and child health professionals on how best to use and interpret South Carolina birth certificate data particularly
gestational weight records for surveillance, public health practice, and research purposes.79 So, this study examined the accuracy of pre-pregnancy BMI and gestational
weight gain records on South Carolina BC in comparison with its information available
on electronic medical records or charts which is the gold standard among centering
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women who had CenteringPregnancy group prenatal care and had delivered in the midland obstetric clinics between 2015-2019.
CenteringPregnancy program, a type of group prenatal care, started as a grassroot efforts in the United States in the year 1993 through Sharon Rising, and has been adopted
by many practices across the country including the state of South Carolina (SC). The
midland’s obstetric clinics of SC’s CenteringPregnancy program provides an integrated
approach to PNC in group setting in which health provider actively involve patients or
expectant mothers in their own health management. Each group session typically has 8 to
12 women of similar due dates or gestational age who meet every 2 to 4weeks for approximately two hours. 18, 19 These pregnant mothers are provided important information
and resources relevant and specific for each trimester and gestational age. They receive
social support, are allowed to share learning, and experiences at every group meeting or
appointment, which leads to greater engagement, learning and boost of self-confidence.
The program also provides a special and unique approach to eating healthy for pregnancy
(and breast feeding) to all centering moms because of its influence on mothers’ overall
weight gain that can affect the rate at which fetus increases healthily in size from first to
last trimester of pregnancy. The centering moms are provided daily guide to meal-serving, make them accountable for their food-group serving and drink by checking boxes in
their handbook, and the provider finds out or analyze how well their diet meets needs for
healthy eating. They are also provided tips to reducing calories and ways to sizing up
meals and its components including use of cups, fist, thumb etc. The main goal is to help
the centering mom gain weight healthily and adequately. All these make the midland’s
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obstetric clinics a suitable setting to validate the quality of pre-pregnancy BMI and GWG
records on BC.

METHODS
Data sources and study population
The study used data of centering women who registered in early weeks (by twenty
weeks of gestation) into CenteringPregnancy program of the Palmetto Health-University
of South Carolina medical group, now Prisma Health -University of South Carolina medical group in three (University Specialty Clinics – OBGYN, Sumter OB-GYN, Parkridge
OBGYN) out of their five obstetric clinic locations of the medical group and followed up
until delivery between 2015 and 2019. Two of the locations or sites (Prisma Health
Women's Center, Prisma Health Family Medicine Center) were not considered for the
study because their patient populations were composed of mix of immigrant women who
were not eligible for health insurance but are provided with more opportunities for affordable prenatal care and considerable chance for a healthy delivery or patient probably
came in as an emergency delivery and the sites did not have sufficient information for the
women to be considered for the study. Parkridge OBGYN clinic started the program two
years after the other two.
Personal identifiers like first name, last name, social security number (SSN) and date
of birth (DOB) of women that participated in CenteringPregnancy program for the period
under consideration were needed to properly identify centering participants, so were sent
to South Carolina Revenue and Fiscal Affairs Office (SC RFA) by Prisma Health-USC
Medical Group OBGYN clinic to match centering women in their database. We received
de-identified birth certificate and hospital discharge record data of all centering women
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and were used to assess the quality of GWG records. About 92% of centering women
successfully matched their SCRFA BC database. There are likely three reasons for the incomplete (8%) unmatched centering women. It may be that they delivered out of state of
South Carolina, or at a birthing center and not hospital or they delivered outside of our
timeframe (2015 and 2019).

Centering women between
2015 and 2019 N = 804
(From CenteringPregnancy
manager list)
Without SSN and
DOB = 53
N = 53
N = 751
Duplicate by
SSN=83
n = 83
N = 668
206 random sample
taken for EMR
abstraction

Figure 4. 1 Flow chart for sampling of centering women for medical record data abstraction
Sample size and sampling strategy
From our raw list of 804 centering moms from the three sites as shown in figure 4.1,
53 did not have social security number (SSN) and date of birth while additional 83 did
not have SSN, so were excluded from the study because those were needed to properly
identify their information on birth certificate data. Stratified random sampling was the
method that we used to have a subsample of these centering women out of the 668
women remaining. Thirty percent (206) of the 668women were selected and entirely by
chance across the three sites with a sampling ratio sampling ratio of 0.50 (50%) for two
sites that started the CP program early and 1.0 (100%) for a site (Parkridge) that started
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the program two years later into the program. This means that each woman in each stratum/site had the same probability of being chosen for the subset sample. Different sampling ratio or proportions were used for different sites because centering women existed
in groups and in different sizes and in different locations (practice sites) as shown in table
4.1). The sites with 50% sampling ratio or proportion were weighted low because the site
had a little more obese women which might influence the outcome compared to the small
site that was weighed higher and started later.

Table 4.1- Study Sampling Across Sites
Sites

2015 –
2018

Sampling
ratio

Sample
size

Jan/Feb
to Dec
2018

Sampling
ratio

Sample
size

1 Two Medical Park Way
2 Palmetto
Women's
Center (1801)
3 Parkridge
OB/GYN
Total

168

0.25

42

88

0.25

22

Total
sample
size by
site
64

101

0.25

25

259

0.25

65

90

52

1.00

52

52

139

206

269

67

399

**Grand total = 668
**67 + 139 = 206 centering women from stratified random sampling for abstraction.

Data collection.
Predesigned medical abstraction form (appendix B) that’s Health Insurance Portability and Accountability Act (HIPAA) compliant was used to guide and facilitate the abstraction of patients’ information related to the study items-pre-pregnancy BMI and gestational weight gain. Retrospective chart review of electronic medical records is considered the gold standard for validation of quality of gestational weight (GWG) records on
BC and it’s a cost-effective and efficient means to collect data for analysis after exposure
has already occurred.79, 95, 96, 97 The abstraction form was designed to follow the format
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of electronic medical records so that abstraction would be accurate and efficient. This involves manually searching through electronic medical record (EMR) with their identifiers
(first name, last name, date of birth and SSN) to abstract needed data, even though pretraining was done to familiarize with EMR abstraction. Mothers’ measures to compute
GWG such as pre-pregnancy BMI, gestational age, height, weight at last PNC/delivery
etc. were abstracted. Other maternal and pregnancy related characteristics/variables
(shown in table 4.1) were taken from birth certificate data such as age, medical history
variables etc.
206 random sample taken for
EMR abstraction with 190
centering women matching
BC data
Age< 18 = 4
Age>49= 0

N =186

Pre-pregnancy weight < 50lbs =0
Pre-pregnancy weight > 650pound= 0
Height < 3feets =0
Height >8feets =0
Pre-pregnancy BMI < 12=0
Pre-pregnancy BMI > 100=0

N =186
Baby Birth weight < 500pounds= 1
Baby Birth weight >5000pounds=5

N =180
Patients with missing data for pre-pregnancy BMI=2
Patients with missing data for total weight gain=4
Patient categorized as non-centering group after
matching=1
Pre-pregnancy diabetes= 0
N =173

Figure 4. 2 Flow chart of subset of centering women for validation study

Inclusion and Exclusion Criteria
CenteringPregnancy program is usually offered to women who meet the following
criteria: they register in the first twenty weeks of pregnancy; age falls between 18-49yrs
(reproductive age group) and expects to have a singleton birth. Women who had previous
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low birth weight infant, mental health issues or prior cesarean birth can also participate in
centering program. As show in the flowchart in figure 4.2, women who had pre-pregnancy weight less than 50 or greater than 650pounds, height less than 3feet or greater
than or equal to 8feet or pre-pregnancy body mass index (BMI) less than 12 or greater
than 100 at two months of pregnancy were excluded from the study. 83 Also, birth
weights less than 500grams or greater than 5000grams were excluded. We further excluded women who had pre-pregnancy diabetes because their physicians would have recommend modifying their lifestyle-related factors, which would have impacted their
weight gain. Patients with pre-pregnancy hypertension or chronic hypertension were included. We also excluded births with missing data on variable information on birth certificate dataset as shown in figure 4.2. This is a small number in the dataset. Some of these
mentioned elements were already excluded at the start of CenteringPregnancy PNC program while some were excluded during statistical analysis process. After above inclusion
and exclusion criteria, our study population or sample size included 173 centering
women/births. A total of 568 centering women were observed for the period under consideration in BC dataset after applying the same inclusion and exclusion criteria out of
which we had sub-sample for validation study as shown in table 1.

Statistical Analysis
In the analysis, we compared data from birth certificate with abstracted data from
EMR. Abstracted data for height, pre-pregnancy weight or first trimester measured
weight was used to compute pre-pregnancy body mass indexes (BMIs) for our study sam-
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ple (173 centering women) and used to categorize these women into four groups- underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2),
and obese (≥30.0 kg/m2). Crude total (gestational) weight gain was calculated for both
data sources as the difference between pre-pregnancy and weight at delivery and were
compared for both data sources. Secondly, weekly rate of gestational weight gain [(total
weight gain – expected first trimester gestational weight gain) / (gestational age at birth in
weeks – 13weeks)] was also calculated for both data sources and used to categorize these
women into inadequate, adequate, and excessive gestational weight gain as recommended
by IOM guideline that specifies the amount of gain that is acceptable, based on the
mother’s pre-pregnancy BMI. Simple correlation or comparison between birth certificate
source data and medical record source data for gestational weight gain including their
height, pregnancy weight, pre-pregnancy BMI, and weight at delivery were assessed.
Since they are continuous variables, means, standard deviations, mean differences (birth
certificate minus medical record) and 95% confidence intervals were calculated, and then
categorized the differences as under-reported, reported within and over reported by
1inch/2.5cm for height, 3lbs/1.4kg for pre-pregnancy weight and weight at delivery and
1unit BMI for pre-pregnancy BMI.
Overall distributions of pre-pregnancy BMI and GWG categories derived from both
sources were assessed. For the pre-pregnancy BMI and gestational weight gain categories
obtained from medical records and birth certificates, we calculated the percent agreement, kappa statistics to account for chance agreement between the two data sources.
Sensitivity, specificity, negative predictive value and positive predictive value were also
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calculated for these two variables using BC as test data and EMR as truth data. 80, 81, 82
STATA/SE 14.1 software was used for all analyses.

Ethical statement
The protocol was reviewed, approved, and documented by the Prisma health medical
group and the University of South Carolina Institutional Review Boards (IRB). All guidelines, including treating data as confidential and not making attempt to identify individual
participants were observed.

Table 4. 2 Sociodemographic and other maternal characteristics of centering women
between 2015 and 2019.
Birth Certificate
Sub-sample Data P-values
Data
Maternal characteristics

N=568

N=173

Maternal Age (mean; SD)

26.62±5.65

26.14±5.52

0.171
0.525

Maternal Age
<20 Ref

52 (9.15%)

16 (9.25%)

20-24

172 (30.28%)

60 (34.68%)

25-29

185 (32.57%)

54 (31.21%)

30-34

104 (18.31%)

26 (15.03%)

>= 35

55 (9.68%)

17 (9.83%)
0.018

Race
White Ref

143 (25.18%)

51 (29.48%)

Black-African American

322 (56.69%)

102 (58.96%)

Asian (Indian, Chinese, Japanese, Hawaiian)

103 (18.13%)

20 (11.56%)
0.001

Parity
No child Ref

372 (65.46%)

136 (78.61%)

One child

108 (19.01%)

28 (16.18%)

Two children

59 (10.39%)

6 (3.47%)

>= Three children

29 (5.11%)

3 (1.73%)

Pre-pregnancy BMI (mean;SD)

28.43±7.24

28.50±7.18

0.866
0.619

Pre-pregnancy BMI
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Underweight

15 (2.64%)

5 (2.89%)

Normal

194 (34.15%)

53 (30.64%)

Overweight

160 (28.17%)

54 (31.21%)

Obese

199 (35.04%)

61 (35.26%)
0.004

Month PNC Began
0-3mths

400 (70.42%)

138 (79.77%)

4-6mths

147 (25.88%)

29 (16.76%)

7-9mths

21 (3.70%)

6 (3.47%)
0.020

Smoking Pre-Pregnancy
No Ref

540 (95.07%)

170 (98.27%)

Yes

28 (4.93%)

3 (1.73%)
0.294

Smoking in Pregnancy
No Ref

556 (97.89%)

171 (98.84%)

Yes

12 (2.11%)

2 (1.16%)
0.005

Level of Education
< High School Ref

83 (14.64%)

13 (5.51%)

High School Graduate

321 (56.61%)

99 (57.23%)

College Graduate

114 (20.11%)

41 (23.70%)

Postgraduate

49 (8.64%)

20 (11.56%)

Total number of Prenatal visits (mean;SD)

12.87±4.61

13.94±4.39

0.001
0.368

Participation in WIC
No Ref

257 (45.41%)

83 (48.26%)

Yes

309 (54.59%)

89 (51.74%)

Gestational Age at Delivery (mean;SD)

38.35±2.16

38.31±1.70

0.707
0.642

Gestational Age at Delivery
Preterm (<=37wks) Ref

61 (10.74%)

17 (9.83%)

Term (>37wks)

507 (89.26%)

156 (90.17%)
0.001

Health Insurance Type
Private Insurance Ref

348 (61.27%)

95 (54.91%)

Government/Medicaid

154 (27.11%)

68 (39.31%)

Self-pay

31 (5.46%)

4 (2.31%)

Other pay type

35 (6.16%)

6 (3.47%)
0.500

Pre-pregnancy Hypertension
No Ref

547 (96.30%)

168 (97.11%)

Yes

21 (3.70%)

5 (2.89%)

Total weight gain at delivery (mean;SD)

12.61±8.41

11.61±8.64

0.063
0.123

Total weight gain categories at delivery according to IOM recommendation
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Inadequate Ref

162 (28.52%)

58 (33.53%)

Adequate

132 (23.24%)

42 (24.28%)

Excess

274 (48.24%)

73 (42.20%)

Weekly rate of weight gain (mean;SD)

0.45±0.33

0.41±0.33

0.049
0.158
Weekly rate of weight gain categories according
to IOM recommendation
Inadequate Ref

159 (27.99%)

53 (30.64%)

Adequate

81 (14.26%)

30 (17.345)

Excessive

328 (57.75%)

90 (52.02%)

RESULTS
Of the two hundred and six stratified randomly selected centering women across
the three sites, one hundred and ninety were able to be identified with their birth certificate data (92%). Four patients were excluded based on age that is less than 18yrs, one excluded with birth weight less than 500pounds and five with birth weight greater than
5000pounds. We also excluded two participants with missing data for pre-pregnancy
BMI and four with missing data for total weight gain. One patient was misclassified as
CenteringPregnancy program participant but actually had traditional prenatal care, so
therefore was excluded from analysis shown in figure 4.2. A total of seventeen participants (8.9%) were excluded from the stratified random sample. After all inclusion and
exclusion criteria, we had one hundred and seventy-three centering women for analysis.
Overall, CenteringPregnancy group prenatal care participants were mostly black-African American with age range between 20-29yrs (mean; SD 26.62±5.65) and having at
least high school diploma (71.3%). Most centering women were nulliparous (65.5%),
non-smokers (97.95), had private insurance (61.3%) and delivered at term i.e., greater
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than 37weeks of gestation (89.3%). Mean gestational age at delivery with standard deviation is 38.35±2.16 (Table 4.1).
The mean values of EMR abstracted data for height, pre-pregnancy weight, prepregnancy BMI, delivery weight and total weight gain are 162.6cm, 74.7kg, 28.2kg/m2,
Table 4. 3 Mean, standard deviation mean difference, and distribution of reporting
errors in interested-abstracted variables reported in electronic medical records
compare to birth certificate data

Birth Certificate

173

162.3

7.7

162.6

7.6

Mean Difference
between Birth
Certificate and
Medical Records
(95% CI)
-0.26 (-0.66, 0.14)

173

75.2

19.8

74.7

19.7

0.51 (-0.63, 1.64)

0.93

173

28.5

7.2

28.2

6.9

0.32 (-0.11, 0.75)

0.92

173

86.8

18.6

87.2

19.6

-0.39 (-1.16, 0.39)

0.96

173

11.6

8.6

12.5

7.9

-0.91 (-2.02, 0.23)

0.60

N

Height (cm)
Pre-pregnancy
weight (kg)
Pre-pregnancy
body mass index (BMI)
(kg/m2)
Delivery weight
(kg)
Total weight
gain (kg)

Medical Records

Mean

SD

Mean

SD

Simple
Correlation
0.94

**SD means standard deviation
**CI means confidence interval

87.2kg, 12.5kg respectively, and largely correlates with birth certificate data. The simple
correlation values for BC versus EMR data for height, pre-pregnancy weight, pre-pregnancy BMI, delivery weight and total weight gain are 0.94, 0.93, 0.92, 0.96, and 0.60 respectively as shown below in table 4.2. The mean differences for height, pregnancy
weight, delivery weight and BMI values from birth certificate compared to medical rec-
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ord were small and statistically significant (Table 4.2). 73% of women’s heights and delivery weight values from birth certificate report were within +/-2.3cm/+/-2.3kg of medical records. Underreporting on the birth certificate (relative to the medical record) was
common for pre-pregnancy weight, pre-pregnancy BMI and total weight gain, with 52%,
45% and 48% reporting within the specified reference range respectively.

Table 4. 4 Agreement in pre-pregnancy BMI categories by birth certificate compared to electronic medical records N =173
Medical Record Classification
Birth Certificate Classification
Underweight
Normal
weight
Overweight
Obese
Total

Under
weight

Normal
weight

Overweight

Obese

Row
Total

4

1

0

0

5

2

47

3

1

0
0
6

11
2
61

37
6
46

6
53
60

Sen
(%)

Spec
(%)

PPV
(%)

NPV
(%)

67

99

80

99

53

77

95

89

88

54
61
173

80
88

87
93

69
87

92
94

**Crude and weight agreement proportion between birth certificate and medical record for underweight, normal
weight, overweight and obese body mass index are 81.50% and 89.98%
**Sen=Sensitivity, Spec=Specificity, PPV=Positive Predictive Value, NPV=Negative Predictive Value
**Statistical values for crude and weighted kappa for underweight, normal weight, overweight and obese body mass
index are 0.73 and 0.78

Pre-pregnancy BMI- Agreement in pre-pregnancy BMI categorization (underweight,
normal weight, overweight, obese) was approximately 90% (weighted Kappa= 0.78) for
birth certificate compared to medical record abstracted data for the centering women (Table 4.3); birth certificate classified quite similar proportions of these women into prepregnancy BMI categories as medical record but with slightly fewer as normal weight for
BC versus EMR (53 vs 61) and slightly higher as overweight for BC versus EMR (54 vs
46) (Table 4.2). Sensitivity was highest for obese weight category (88%) and lowest for
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underweight category (67%). Positive predictive value (PPV) was highest for normal
weight category (89%) and lowest for overweight category (69%). (Table 4.3)
Gestational Weight Gain (GWG)- Agreement in gestational weight gain categorization was 84% (weighted Kappa=0.63) for birth certificate compared to medical record abstracted data (Table 4.4) among centering women who had singleton infants and most delivering at term i.e., greater than 37weeks. Birth certificate classified more centering
Table 4. 5 Agreement in gestational weight gain (GWG) categories by birth certificate compared to electronic medical records N =173
Medical Record Classification
Birth Certificate Classification
Inadequate
GWG
Adequate
GWG
Excessive
GWG
Column Total

Inadequate
GWG

Sen
(%)

Spec
(%)

PPV
(%)

NPV
(%)

Adequate
GWG

Excessive
GWG

Row
Total

37

8

13

58

73

83

64

88

6

30

6

42

71

91

71

91

8

4

61

73

76

87

84

81

51

42

80

173

**Institute of Medicine (IOM) Gestational Weight Gain (GWG) Recommendations.
**Crude and weighted agreement proportion between birth certificate and medical record for inadequate, adequate, and
excessive gestational weight gain are 73.99% and 84.10%
**Sen=Sensitivity, Spec=Specificity, PPV=Positive Predictive Value, NPV=Negative Predictive Value
**Statistical values for crude and weighted kappa for inadequate, adequate, and excessive gestational weight gain are
0.61 and 0.63

women as gaining inadequately i.e., below IOM recommendation compared to medical
record abstracted data (58% vs 51%) and fewer as gaining in excess according to IOM
recommendation (73% vs 80%) (Table 4.4). Sensitivity was highest for excessive weight
gain in pregnancy (76%) and lowest for adequate gestational weight gain. Positive predictive value (PPV) was highest for excessive gestational weight gain (84%). (Table 4.4)

DISCUSSIONS
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Our study examined the accuracy of pre-pregnancy BMI and gestational weight gain
records on South Carolina birth certificate compared to electronic medical record abstracted data which is the gold standard. The study used three midland’s obstetric clinics
data out of five obstetric sites of Prisma Health-University of South Carolina data for
subsample of pregnant women who had CenteringPregnancy group prenatal care program
from 2015 to 2019. About 92% of centering women from the stratified random sample
across the three sites matched their BC data. There are likely three reasons for the incomplete matching centering women (8%). It may be that they delivered out of state of South
Carolina, or at a birthing center and not hospital or they delivered outside of our
timeframe of between 2015 and 2019.
Overall, birth certificate means estimates for height, pre-pregnancy weight, pre-pregnancy BMI, and delivery weight largely correlates with EMR data. Total weight gain also
correlates but not as strong as the other variables. The mean differences between both
data sources for the variables were quite small. A good number of women’s height and
weight at delivery values were within a good range of EMR. Underreporting was common for pre-pregnancy weight, pre-pregnancy BMI and total weight gain. Pre-pregnancy
body mass index (BMI) categories (underweight, normal weight, overweight, obese) for
birth certificate is largely similar and agrees with that of EMR, although birth certificate
classifies slightly fewer as normal weight and slightly higher as overweight compared to
EMR abstracted data. Pre-pregnancy weight values that was under-reported might have
likely contributed to misclassification of pre-pregnancy BMI categories. This variable
can be improved upon by measuring the weight on first prenatal visit or just prior to conception for quality assurance and avoid using self-reported figures. Also, birth certificate
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gestational weight gain categories (inadequate, adequate, excess) were largely similar to
EMR data, even though birth certificate classified relative more women as gaining weight
inadequately i.e., below IOM recommendation and fewer as gaining weight in excess according to IOM recommendation in comparison to medical records. As mentioned before,
improvement in pre-pregnancy weight document can improve pre-pregnancy BMI and its
categories data, and therefore enhance GWG measurement and its categorization and
avoid misclassification. Our findings shows that BC can provide reasonable estimates of
these variables and can be used to examine the effect or association of CenteringPregnancy program on gestational weight gain and its categories as recommended by IOM.
Previous studies suggested the need for validation of quality of these variables (pre-pregnancy BMI and GWG and their categories) on BC data because of mixed results or findings from prior studies with some showing positive association and some showing negative association. 98 This study can inform researchers and maternal and child health professionals on how best to use and interpret birth certificate data particularly with respect
to pre-pregnancy BMI and gestational weight records for surveillance, public health practice, and research purposes.79
Furthermore, previous studies validating maternal data on BC particularly maternal
pregnancy weight and height are quite few and were carried out among different population of women in different States with inconsistent findings with regards to BMI and
GWG, although, mean estimates of variables were very close to that of gold standard 99,
95, 100

Park study in 2005 used first trimester women, infants and children (WIC) program

data in comparison with Florida birth certificate data as the gold standard to investigate
the reliability and validity of height, weight and pre-pregnancy BMI among mostly
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young, black, unmarried, less educated, tobacco using women with singleton live birth. 99
The study found that BC data overestimated underweight and normal weight BMI, and
underestimated overweight and obesity prevalence, but the difference was minimal. This
result is contrary or inconsistent with our findings for these variables, as BC slightly underestimated underweight and normal pre-pregnancy BMI and overestimated overweight
pre-pregnancy BMI. The study didn’t validate GWG. Bodnar’s study in Pennsylvania in
2014 found high accuracy reporting among normal weight and overweight BMI categories among non-Hispanic white women population on BC in comparison with medical
records (the gold standard) but found poor agreement for inadequate and excessive GWG
among these women.95 And lastly, Deputy study in New York and Vermont in 2018
compared pre-pregnancy BMI and GWG data from BC and PRAMS to medical records
(the gold standard) and found that BC classified similar proportions of mostly non-Hispanic white women into pre-pregnancy BMI categories while PRAMS slightly underestimated overweight and obese BMI. 100 The same study also found that BC overestimated
inadequate GWG and underestimated adequate GWG compared to EMR data. Our study
result is inconsistent with findings from these studies as we found highest accuracy reporting and agreement among obese BMI and adequate GWG category with our study
population that is mostly black African American women. The underestimation and overestimation differences were minimal from the gold standard. The findings in previous
study may be due to differences in gold standard and population of study bearing in mind
that the studies were carried out in different states. It is important that researchers continue to monitor the accuracy of these variables on BC data. Researchers should continue
to put in effort in screening or evaluating the quality of maternal pre-prenancy BMI and
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GWG categories in BC data in different settings regularly as high-quality data gives accurate, consistent, and reliable results in quantitative research which can better inform decision making for health policy action. All in all, BC can still provide reasonable prevalence of these variables for research purposes, for example, in examining the effect or impact of CenteringPregnancy program versus traditional prenatal care on gestational
weight, where assessing GWG requires pre-pregnancy BMI as recommended by IOM
guideline.
The strength of this validation study is that it is the first of its kind in the state of South
Carolina. Also, the study informed our next research that examined the effect of CenteringPregnancy program on gestational weight gain on how accurate maternal records for
height and weight data are on BC which are used to derive BMI and classify GWG into
its categories as recommended by IOM. Another strength of the study is the enhanced nutritional knowledge which is unique to the CenteringPregnancy program of the medical
group which makes it’s a suitable setting to examine the quality of the variables.
We recognized limitation of study as would have been perfect to include all the centering women in the validation study, but that would have gulped or consumed a lot of resources and unfortunately, the research was not funded. Also, our study is limited to
black-African American women who are between the ages of 20 and 29yrs with at least
high school diploma, so future studies should consider a different age group in the same
or different populations and different settings.

CONCLUSIONS
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In summary, the results from our validation study show that birth certificate estimates for height, pre-pregnancy BMI (and categories), pre-pregnancy weight, delivery
weight and gestational weight gain categories were similar to that of medical record, and
thus BC is a valid database and can provide reasonable estimates for these variables for
public health practice, future research purposes and surveillance.
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CHAPTER 5
MANUSCRIPT 2: THE IMPACT OF CENTERINGPREGNANCY
PROGRAM VERSUS TRADITIONAL PRENATAL CARE ON GESTATIONAL WEIGHT GAIN2

2

O.A Momodu, E. L. Crouch, J. Liu, R. D. Horner, B. Chen. To be submitted to Journal
of Maternal and Child Health.
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ABSTRACT
Background: Adequate gestational weight gain is essential for optimal fetal development. Findings from previous studies evaluating the effect of CenteringPregnancy program versus traditional prenatal care demonstrated inconsistent results. CenteringPregnancy program-proven to improve pregnancy outcomes-was modified by adding a unique
nutritional knowledge component as a means of further improving outcomes. It was theorized that greater nutritional knowledge would be a significant factor contributing to adequate gestational weight gain among participants to reduce pregnancy complications and
optimize fetal growth. The study examined the effects of a CenteringPregnancy program
with nutritional knowledge component versus traditional prenatal care (TPNC) on gestational weight gain (GWG).
Methods: This is a retrospective study of 568centering women and 27541non-centering
women, between the ages of 18-49yrs, who received prenatal care between 2015 and
2019. GWG was assessed as a continuous variable (weight at delivery minus pre-pregnancy weight in kg) and categorial variable (inadequate, adequate, excessive GWG) using crude weight gain and weekly rate of weight gain according to IOM 2009 guideline.
Propensity score analysis was used to reduce confounding and lack of randomization to
treatment using the following covariates including age, race-ethnicity, level of education,
parity, smoking status, pre-pregnancy BMI, and time at initiating PNC in a logistic
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regression model to generate propensity scores and propensity score weights used in the
models linear and multinomial regression.
Results: CP participants were more likely to be black, nulliparous individuals with less
than high school education, but similar with their TPNC counterparts in parity and month
prenatal care began. (P value <0.05). The study found no statistically significant association between CenteringPregnancy program (versus TPNC) and gestational weight gain in
all analysis models (unadjusted, adjusted, propensity score covariate adjusted and inverse
probability to treatment weighting (propensity score weighting) method.
Conclusion: In summary, the study found no significant difference in GWG for women
that enrolled in CP program compared to traditional prenatal care despite the special nutritional knowledge component of the program to help participant women achieve adequate weight gain in pregnancy as recommended by IOM guideline and the use of advanced statistical methods is opposite to our hypothesis. However, the no program effect
is consistent with some prior evaluations that examined the association. We recommend
further studies to look at the treatment effect in larger and different population of centering women.
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INTRODUCTION
About four million women give birth each year in the United States, the vast majority without complications. Between 700 to 900 women annually die from these pregnancy and childbirth complications. 2, 3 Recent trends of severe maternal morbidity
(SMM) show that the burden has been steadily increasing and it is likely driven by increases in maternal age, pre-existing chronic medical conditions, cardiovascular diseases
such as pre-eclampsia, eclampsia, pre-pregnancy obesity, excessive gestational weight
gain to mention a few. Compared to the national average maternal mortality rate of about
20.7 maternal deaths per 100000 live births, the South Carolina maternal mortality rate is
the 8th highest in the country. It is currently 26.5 deaths per 100000 live births, and
unfortunately, more than half of these deaths are preventatble according to Center for
Disease Control and Prevention (CDC). 3, 4
Gestational weight gain is of particular interest because more than half (51.2%) of
South Carolinian mothers had excessive gestational weight gain (GWG) during pregnancy with a quarter (24.4%) of women gaining weight below and the remaining quarter
within the recommended guidelines. 5 Maternal health and nutritional status both before
and during pregnancy plays a role in delivering nutrients to fetus, and thus determine adequacy of gestational weight gain and fetal development which have profound effect on
birth weight which is an important indicator of infant’s well-being. Gain within recommended levels or range according to Institute of Medicine (IOM) guidelines or report on
nutrition during pregnancy has favorable pregnancy outcome. 6, 7, 8 Excessive and inadequate gestational weight gain in pregnancy are often associated with clinical conditions in
the mother. For example, excessive GWG is associated with increased risk of gestational
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diabetes, hypertensive disorders in pregnancy, complications during labor and delivery
such as vaginal tears, excessive bleeding, non-elective caesarean section delivery, postdelivery weight retention and subsequent maternal obesity. Weight gain below the recommended level has more detrimental effect on the unborn infant such as increased risk for
delivery of small for gestational age (SGA) infants, intrauterine growth restriction
(IUGR), low birth weights, poor fetal development, prematurity and being prone to birth
asphyxia leading to neonatal intensive care unit admission and increase length of hospital
stay. 7, 9, 10
Prenatal care is important and of great value because of its far and wide-reaching
implications and long-term consequences on both the mother and the child. It identifies
and manages clinical conditions that threaten the health of mother and or unborn child
and ensure women approach delivery in health. There are two approaches to prenatal
care. Traditional or individual type and Group prenatal care. As the name implies and in
simple definition, traditional prenatal care involves individual clinic visit schedule for a
pregnant woman, while group prenatal care is comprised of groups of pregnant women at
similar gestational age or with a similar due date to be seen in each clinic visit. 16 An average prenatal care visits last about ten minutes with individual prenatal care with little
time to thoroughly address other routine pregnancy issues, contraception, breastfeeding,
newborn care and patient questions during the course of traditional prenatal care as it is
currently practiced.17, 18 This led to the start of group prenatal care, called CenteringPregnancy in the early 1990s in the United States, and South Carolina adopted the program in
2008 as a promising alternative to traditional individual PNC, based on its theory and evidence from published studies (such as improvement in rates of preterm births, higher
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rates of smoking cessation during pregnancy and positive influence on utilization of preventive health services such as family planning postpartum.101, 102, 103) to improve poor
maternal and fetal health outcomes, and was the first state to develop a coordinated
statewide network with group prenatal care.104
CenteringPregnancy program provides an integrated approach to PNC in group setting by actively involving patients or expectant mothers in their own health management
by checking their weight, height and blood pressure at every group meeting or appointment, in which pregnant women share learning, experiences and provide support for other
pregnant women of similar gestational ages or due date in the group leading to greater engagement, learning and self-confidence. Each group session typically has 8 to 12 women
with similar due dates occurs every 2 to 4weeks for approximately two hours. 18, 19 They
are provided important information and resources relevant and specific for each trimester
and gestational age, health-educate them on how to recognize a distress signals and other
alarming symptoms, during pregnancy and on early-treatment strategies to help mothers
act quickly before complications turn to life-threatening and advice on what to avoid or
can contribute to ill health during pregnancy. Group care allows for social support which
promotes psychological, social and behavioral factors for change to promote healthy
pregnancy and improved birth outcomes as shown in prior studies. 23, 24 The Prisma
Health-USC Medical Group centering program incorporates a unique approach to eating
healthy for pregnancy and breastfeeding, coupled with mild exercise and safe activities
during pregnancy aside other standard components of the CenteringPregnancy program.
The Medical Group’s version provides special knowledge on nutrition because of its in-
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fluence on mothers’ overall weight gain which also can affect the rate at which fetus increases healthily in size from first to last trimester of pregnancy. The program provides
daily guide to meal-serving that includes grains, dairy, protein, vegetables, fruit fat/oil
and water with serving size range per day. The health provider/program coordinator holds
centering women accountable for their daily food-group serving or drink by checking
boxes in their handbook, and the provider finds out or analyze how well their diet meets
needs for healthy eating.
Research on the effect of CenteringPregnancy (CP) group prenatal care on gestational weight gain would benefit from additional studies due to inconsistent findings in
literature on the impact of CP on this maternal outcome as well as a lack of information
on the impact of enhanced nutritional knowledge as practiced by the medical group.
Some studies found group care to be associated with increased gestational weight gain 56,
59, 62

while one study found reduction in excessive weight gain among group care partici-

pants, 63 and some no statistically significant difference between participants of both type
of PNC care. 31, 61, 65 Previous studies highlighted limitations to assessing GWG such as
lack of awareness and monitoring of calorie content of daily food intake during pregnancy, 62 assessing or measuring the actual GWG without giving consideration to prepregnancy body mass index (which includes measures like pre-pregnancy weight and
height of the mothers) and gestational age in accordance to IOM guidelines as not seen in
most of the retrospective cohort studies may be another reason for variation in results of
previous evaluations, 31, 33, 57, 65 not adjusting for their actual participation in the group
care program as measured by number of sessions attended, 61, 66, 58 and not controlling
for self-selection into the program57, 58 coupled with differences in matching criteria in
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few studies. 31, 59, 63 All these may have affected the estimates of CP effect on GWG and
could explain the differences in findings in studies. Given the existing literature and recognizing limitations in previous studies on impact of CP on gestational weight gain and
bearing in mind the unique approach to CenteringPregnancy program (nutrition specific
contents/curriculum) in addition to standard components of CP program by Prisma
Health-USC Medical Group are important reasons and reinforce the need to re-evaluate
the effect of the program on maternal outcome-gestational weight gain. Therefore, this
study examined the effects of CenteringPregnancy or group prenatal care (GPNC) versus
traditional prenatal care on gestational weight gain. We hypothesize that women who received GPNC model will have higher percentage of adequate gestational weight gain than
women who received traditional prenatal care.

METHODS
Study Design, Population and Data Source
Palmetto Health-USC Medical Group now Prisma Health-USC Medical Group began
to offer CenteringPregnancy in 2013, but this retrospective study, which included all centering women (de-identified from record) who registered by early weeks (by twenty
weeks of pregnancy into the group care program in three out of five obstetric sites of the
medical group that offer CenteringPregnancy program located in the midland’s region of
South Carolina between 2015 and 2019 and followed up until delivery. Women who registered in traditional prenatal care in these three prenatal care locations were chosen as
comparison group. Although the centering program started 2013 at the medical group, we
excluded the first two years of the program when the program was in start-up phase and
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needed time for full activity to take effect. Two of the practice-sites were not considered
because their patient populations were composed of mixed population of immigrant
women that came in either as an emergency or the sites did not have sufficient information in OneChart to be considered for the study.

Data: Personal identifiers like first name, last name, social security number (SSN) and
date of birth (DOB) of women that participated in CenteringPregnancy program between
2015 to 2019 were needed to properly identify centering participants, so were sent to
South Carolina Revenue and Fiscal Affairs Office (SC RFA) by Prisma Health-USC
Medical Group midland obstetric clinics to match centering women in their database. We
received de-identified birth certificate and hospital discharge record data of centering and
non-centering women (comparison group that had TPNC) of the medical group from SC
RFA and were used to assess the two aims of the research project. About 98% of centering women successfully matched their SCRFA BC database. There are likely three reasons for the incomplete (2%) unmatched centering women. It may be that they delivered
out of state of South Carolina, or at a birthing center and not hospital or they delivered
outside of our timeframe (2015 and 2019).
To be able to draw a valid conclusion, we need to identify comparable participants in
either type of PNC. Accordingly, the same inclusion and exclusion criteria were applied
to participants of both PNC approaches. CenteringPregnancy program is usually offered
to women who meet the following criteria: prenatal care initiating within the first twenty
weeks of pregnancy, aged 18-49years (reproductive age group) and expected to have a
singleton birth. Women who had previous low birth weight infants, mental health issues
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or prior cesarean birth can also participate in centering program. As show in the
flowchart below in figure 5.1, we excluded women with implausible data related to prepregnancy weight less than 50 or greater than 650pounds, height less than 3feet or greater
than or equal to 8feet or pre-pregnancy body mass index (BMI) less than 12 or greater
than 100 at two months of pregnancy. 83 We further excluded women with pre-pregnancy
diabetes because their physicians would have recommended modifying lifestyle-related
factors, which would have impacted their weight gain. Women who had multiple gestation were excluded from the study as it can be associated with excessive weight gain.
Also, birth weights less than 500grams or greater than 5000grams were excluded. Patients with pre-pregnancy hypertension or chronic hypertension were included. Some of
these mentioned elements were already excluded at the start of CenteringPregnancy PNC
program while some were excluded during statistical analysis process. After above inclusion and exclusion criteria, our population or sample size included 28109 births with centering births equal to 568.

Ethical statement
The protocol was reviewed, approved, and documented by the Prisma health medical
group and the University of South Carolina Institutional Review Boards (IRB). All guidelines, including treating data as confidential and not making attempt to identify individual
participants were observed.

Study measures
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Dependent Variables (Outcomes): The primary outcome of interest is gestational
weight gain (GWG), which was used as continuous variable and, alternatively, as
Centering women from linked or merged
birth certificate and hospital discharge
datasets for years 2015 and 2019 equals 595
with 568 meeting inclusion/exclusion criteria
Age< 18 = 20
N =575
Age>49= 0
N = 575
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N =575
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0
N = 574
Height < 3feets =0
Height >8feets =1
N = 573
Pre-pregnancy diabetes= 4
N = 569
Baby Birth weight < 500pounds= 1
Baby Birth weight >5000pounds=0
N = 568
Patient categorized as centering from noncentering group after matching=0
N = 568
Male patient in dataset=0
N = 568

Figure 5. 1 Flow chart of centering women for study selection
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Non-centering women from linked birth
certificate and hospital discharge datasets
for years 2015 and 2019 equals 28649 with
27541 meeting inclusion/exclusion criteria
Age< 18 = 503
N = 28146
Age>49= 3
N =28143
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N = 28143
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0
N = 28142
Height < 3feets =0
Height >8feets =117
N =28026
Pre-pregnancy diabetes=337
N = 27689
Baby birth weight <500pounds =107
Baby birth weight >5000pounds=38
N =27544
Patient categorized as centering =1
N = 27542
Male patient in dataset=1

N = 27541

Figure 5. 2 Flow chart of non-centering women for study selection
categorical variable: inadequate (=1), adequate (=0) and excessive (=2) according to IOM
recommendation. 94 GWG was measured in three steps to better assess and estimate the
effect of CenteringPregnancy (CP) versus traditional prenatal care (TPNC) on GWG.
GWG categorical variables was derived in two ways. First is the traditional or crude estimate, which is the difference between weight at delivery and pre-pregnancy weight. For
the categorical variable version, this total weight gain is divided into inadequate, adequate, and excessive weight gain for each pre-pregnancy BMI categories based on 2009
IOM guideline for adequate weight gain (12.5–18kg for BMI <18.5 kg/m2, 11.5–16kg for
BMI 18.5–24.9 kg/m2, 7–11.5kg for BMI 25.0–29.9 kg/m2, and 5-9kg for BMI ≥
30kg/m2).94 In the second approach, which is supplemental to the first approach, average
second and third trimester weekly rates of weight gain was calculated which is equal to
(total weight gain – expected first trimester gestational weight gain) / (gestational age at
94

birth in weeks – 13weeks). This average weekly rate of weight gain for 2nd and 3rd trimesters as defined by 2009 IOM guideline according to pre-pregnancy BMI are
0.5kg/wk, 0.4kg/wk, 0.4kg/wk, and 0.2kg/wk for underweight, normal weight, overweight, and obese women, respectively. Thus, this weekly rate of gestational weight gain
is used to categorize these women into inadequate, adequate, and excessive weight gain
based on their pre-pregnancy BMI category to meet IOM guidelines and considering that
preterm birth rate is low for our study populations. (table 5.1) Gestational age at delivery
is categorized into preterm (<=37weeks) and term (>37weeks) birth. The assumption for
1st trimester is that women with pre-pregnancy BMI less than 25 are expected to gain 2kg
on average; women who are overweight with pre-pregnancy BMI between 25 and 29.9
are expected to gain 1kg on average; and those who are obese with pre-pregnancy BMI
of greater than or equal to 30 are expected to gain 0.5kg on average. 84, 85, 86

Independent Variables (Predictors): Our primary predictor of interest is pregnant
women who had either CenteringPregnancy group prenatal care (CP = 1) or in traditional
PNC (TPNC = 0). List of individuals who attended CP care were provided by the clinic,
while traditional care women were identified by SC RFA. All women received PNC in
the same clinics. If participants in CP attends TPNC for reasons such as discussing issues
requiring more privacy or other issues that could not be fully addressed during group care
personal assessment periods, this kind of patients were classified or counted as having
group prenatal care because the CP package primarily involves group sessions and supplementary individual counselling time with physicians or health care providers, thus
help stay at balance.
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Covariates: The following are maternal sociodemographic characteristics and medical
history variables were considered which includes as maternal age, race/ethnicity, level of
education, participation in women supplemental Nutrition Program for Women, Infant
and Children (WIC), smoking status during pregnancy, parity, gestational age at entry or
time prenatal care began, and pre-pregnancy BMI. Variable categorization is stated in table 5.1. Other maternal characteristics that were assessed in the data for description of
mothers and access to health care delivery in either type of care include number of prenatal care visits, and health insurance type.

Statistical Analysis: Descriptive statistics were run for maternal sociodemographic and
medical history variables to compare women in CenteringPregnancy with traditional prenatal care using two sample t-test for continuous variables with means and standard deviations and Chi square (χ2) test for categorical variables with frequency or percentages
distributions. We estimated GWG as a continuous variable and categorical variable as described in our measure for outcome variable in unadjusted and adjusted format using linear and multinomial logistic regressions with reference group consisting of women with
inadequate gestational weight gain.
To further improve rigor of statistical analysis and evaluate the relationship between
CenteringPregnancy versus traditional prenatal care and adequacy of gestational weight
gain, propensity score analysis was performed to reduce the problem of confounding of
patient characteristics in our observational study and lack of randomization to treatment
(CP program), recognizing that participants may have self-selected into treatment or the
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other. In the propensity score analysis, covariates which includes maternal age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy BMI, and gestational age
at initiating prenatal care were modeled using logistic regression model to predict or estimate individual propensity scores to treatment i.e., probability to CP program or individual type of prenatal care. We then estimated the effect of CenteringPregnancy versus traditional prenatal care on GWG as continuous and categorical variable adjusting for derived propensity scores using linear and multinomial logistic regression to obtain effect
estimate, coefficients, relative risk ratios, standard errors and confidence intervals. This is
propensity score with covariate adjustment. Propensity score weighting method which is
the same as inverse probability of treatment weighting (IPTW) was used to further account for selection assignment differences between centering and non-centering women
which is more robust with heteroscedasticity in study data. This was achieved by generating propensity score weights (weighted predicted probabilities) with which 1/propensity
score was ascribed to participants of CenteringPregnancy program and 1/ (1-propensity
score) for mothers that had traditional prenatal care. We then adjusted for the weighted
predicted probabilities (propensity score weights) in a linear and multinomial logistic regression model to obtain effect estimate, coefficients, relative risk ratios, standard errors
and confidence intervals 92 . This was compared with the crude effect estimate and effect
estimate from propensity score adjusted model. All statistical analysis performed using
Stata/SE statistical software version 14.1.

Table 5. 1 Sociodemographic and other maternal characteristics of centering
(GPNC) and non-centering (TPNC) women who had singletons in Prisma Health between 2015 and 2019 before propensity score analysis. N= 28109
GPNC

TPNC
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Maternal characteristics

N=568

N=27541

P value

Maternal Age (mean; SD)

26.62±5.65

28.25±5.64

<0.0001
<0.0001

Maternal Age
<20 Ref

52 (9.15%)

1377 (5.00%)

20-24

172 (30.28%)

6362 (23.10%)

25-29

185 (32.57%)

8654 (31.42%)

30-34

104 (18.31%)

7074 (25.69%)

>= 35

55 (9.68%)

4074 (14.79%)
<0.0001

Race
White Ref

143 (25.18%)

10961 (39.80%)

Black-African American
Asian (Indian, Chinese, Japanese, Hawaiian)

322 (56.69%)

11954 (43.41%)

103 (18.13%)

4623 (16.79%)
<0.0001

Parity
No child Ref

372 (65.46%)

11866 (43.08%)

One child

108 (19.01%)

8224 (29.86%)

Two children

59 (10.39%)

4574 (16.61%)

>= Three children

29 (5.11%)

2877 (10.45%)

Pre-pregnancy BMI (mean;SD)

28.43±7.24

28.46±7.71

0.472

Pre-pregnancy BMI
Underweight

15 (2.64%)

905 (3.39%)

Normal

194 (34.15%)

9968 (36.19%)

Overweight

160 (28.17%)

7122 (25.86%)

Obese

199 (35.04%)

9546 (34.66%)
<0.0001

Month PNC Began
0-3mths

400 (70.42%)

20284 (73.68%)

4-6mths

147 (25.88%)

5326 (19.35%)

7-9mths

21 (3.70%)

1919 (6.97%)
0.886

Smoking Pre-Pregnancy
No Ref

540 (95.07%)

26219 (95.20%)

Yes

28 (4.93%)

1322 (4.8%)
0.225

Smoking in Pregnancy
No Ref

556 (97.89%)

26719 (97.02%

Yes

12 (2.11%)

822 (2.98%)
<0.0001

Level of Education
< High School Ref

0.9227

83 (14.64%)
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3210 (11.71%)

High School Graduate

321 (56.61%)

13910 (50.72%)

College Graduate

114 (20.11%)

7189 (26.21%)

Postgraduate

49 (8.64%)

3115 (11.36%)

Total number of Prenatal Visits
(mean;SD)

12.87±4.61

11.70±4.39

<0.0001
<0.0001

WIC Participation
No

257 (45.415)

14504 (53.26%)

Yes

309 (54.59%)

12726 (46.74%)

Gestational Age at Delivery
(mean;SD)

38.35±2.16

38.11±2.41

0.0055
0.126

Gestational Age at Delivery
Preterm (<=37wks) Ref

61 (10.74%)

3556 (12.91%)

Term (>37wks)

507 (89.26%)

23982 (87.09%)
<0.0001

Health Insurance Type
Private Insurance Ref

348 (61.27%)

13811 (50.21%)

Government/Medicaid

154 (27.11%)

10299 (37.45%)

Self-pay

31 (5.46%)

1289 (4.69%)

Other pay type

35 (6.16%)

2105 (7.65%)

Total GWG at delivery (mean;SD)

12.61±8.41

12.68±7.99

Total weight gain categories at delivery according to IOM recommendation
Inadequate

162 (28.52%)

7861 (28.54%)

Adequate

132 (23.24%)

6518 (23.67%)

Excess

274 (48.24%)

13162 (47.79%)

Estimated weekly rate of weight gain
(mean;SD) (kg/wk)

0.45±0.33

0.46±0.32

0.8465
0.967

Estimated weekly rate of weight gain
according to IOM recommendation

0.7171

0.847

Inadequate

159 (27.99%)

8011 (29.09%)

Adequate

81 (14.26%)

3906 (14.18%)

Excessive

328 (57.75%)

15624 (56.73%)

RESULTS
Of the 28109 women that had pregnancy within the period under consideration after
considering inclusion and exclusion criteria, 27541 had traditional prenatal care while
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568 had CenteringPregnancy program. Several differences were observed between the
two groups which includes maternal age, race-ethnicity, parity, level of education, month
at initiating prenatal care, total number of prenatal visits, receival of WIC, and health insurance type as shown in table 5.1. There were no differences between the groups with
respect to pre-pregnancy BMI, and total gestational weight gain weekly rate of weight
gain categories based on IOM recommendation. (Table 5.1.)
Women participating in group care were mostly of black-African race, younger maternal age and had less educational accomplishment relative to the other group counterparts
(p<0.0001). Also, well over half (65.46%) of pregnancies among centering women were
first births compare with 43.08% first births among TPNC participants (p<0.0001). Average total number of prenatal care visits (mean;SD 12.87±4.61 vs 11.70±4.39), and gestational age at delivery (mean;SD-38.35±2.16 vs 38.11±2.41) were higher among centering
women (p<0.0001). About 90% of women in CP program delivered at term compared to
their counterparts in TPNC, but not statistically significant. (Table 5.1.)

Table 5. 2 Odd ratios from propensity score estimation using logistic regression
model to predict participation in Centering pregnancy program versus Traditional
Prenatal care. N = 27974
Covariate
Maternal Age

Odd Ratio (95%CI)

P Value

<20 Ref

1.00

20-24

0.97 (0.70, 1.34)

0.854

25-29

1.11 (0.79, 1.56)

0.551

30-34

0.90 (0.62, 1.33)

0.611

>= 35

0.93 (0.60, 1.44)

0.738

Race
White Ref

1.00

Black-African American

2.04 (1.65, 2.51)

0.0001

Asian (Indian, Chinese, Japanese, Hawaiian)

1.72 (1.32, 2.23)

0.0001

100

Parity
No child Ref

1.00

One child

0.40 (0.32, 0.51)

0.0001

Two children

0.37 (0.28, 0.50)

0.0001

>= Three children

0.26 (0.18, 0.41)

0.0001

Pre-pregnancy BMI
Underweight

1.00

Normal

1.35 (0.79, 2.30)

0.267

Overweight

1.57 (0.92, 2.69)

0.101

Obese

1.39 (0.81, 2.37)

0.229

Level of Education
< High School Ref

1.00

High School Graduate

0.73 (0.57, 0.95)

0.019

College Graduate

0.56 (0.41, 0.77)

0.0001

Postgraduate

0.58 (0.39, 0.86)

0.007

Month PNC Began
0-3mths Ref

1.00

4-6mths

1.23 (1.03, 1.53)

0.022

7-9mths

0.51 (0.33, 0.81)

0.003

Smoking in Pregnancy
No Ref

1.00

Yes

0.83 (0.46, 1.49)

0.531

**Covariate adjusted includes maternal age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy
BMI, and time at initiating prenatal care.

Table 5.2. presents results from logistic regression model used to predict participation
in either type of group care. It predicted the propensity scores and used to generate propensity scores weights for PS covariate adjustment and inverse probability to treatment
weighting-(IPTW) analyses respectively. The result in table 5.2 showed that race-ethnicity (Black-African American, OR, 2.04, 95%CI, 1.65, 2.51, Asian, OR, 1.72, 95%CI,
1.32, 2.23), level of education (High school graduate, OR, 0.73, 95%CI, 0.57, 0.95, College graduate, OR, 0.56, 95%CI, 0.41, 0.77, Postgraduate, OR, 0.58, 95%CI, 0.39, 0.86),
parity (One child, OR, 0.40, 95%CI, 0.32, 0.51, Two children, OR, 0.37, 95%CI, 0.28,

101

0.50, Two children, OR, 0.37, 95%CI, 0.28, 0.50, More than three children, OR, 0.26,
95%CI, 0.18, 0.41), and time at initiating PNC (4-6months, OR, 1.23, 95%CI, 1.03,1.53,
0-9months, OR, 0.51, 95%CI, 0.33, 0.81) were significantly associated with CenteringPregnancy participation compared to TPNC (all P<0.05) after adjusting for other covariates in the model.
Table 5.3 shows the results for the effect of CenteringPregnancy program versus
TPNC on GWG as a continuous variable with a non-statistically significant association in
bivariate or unadjusted and adjusted (coef(β), -0.069; 95% CI, -0.73, 0.61, coef(β), 0.041; 95%CI, -0.68, 0.61) for total weight gain, and unadjusted and adjusted (coef(β), 0.005; 95% CI, -0.032, 0.022, coef(β), -0.006; 95%CI, -0.032, 0.021) for weekly rate of
weight gain analyses respectively. Likewise, there was no statistically significant association between women in CP compared to participants of TPNC and GWG as continuous
variable (total weight gain and weekly rate of weight gain) using propensity score covariate adjustment and propensity score weighting or inverse probability weighting analysis
methods.

Table 5. 3 Coefficients, standard errors, P-values and confidence intervals from linear regression models predicting gestational weight gain (GWG) as a continuous
variable.
Total GWG as continuous variable for
CenteringPregnancy Vs Traditional
PNC

Coefficients
(95%CI)

Unadjusted model

-0.069 (-0.73, 0.61)

0.33

0.839

Adjusted model

-0.041 (-0.68, 0.61)

0.34

0.9

Propensity score adjusted model
Propensity score weight adjusted model
(IPTW)

-0.044 (-0.71, 0.62)

0.34

0.897

-0.054 (-0.78, 0.68)

0.37

0.883
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SE

P Value

Weekly GWG as continuous variable
for CenteringPregnancy Vs Traditional
PNC
Unadjusted model

-0.005 (-0.032, 0.022)

0.01

0.711

Adjusted model

-0.006 (-0.032, 0.021)

0.01

0.671

Propensity score adjusted model
Propensity score weight adjusted model
(IPTW)

-0.006 (-0.033, 0.021)

0.01

0.679

-0.004 (-0.033, 0.025)

0.01

0.798

**Covariate adjusted includes maternal age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy
BMI, and time at initiating prenatal care.

Table 5.4 provides results from analyses of weight gain in pregnancy as recommended by IOM guideline which categorize GWG outcome variable into adequate, inadequate, and excessive GWG based on total weight gain and weekly rate of weight gain. In
unadjusted (inadequate GWG, RRR, 1.02, 95%CI, 0.81, 1.28, excessive GWG, RRR,

Table 5. 4 Relative risk ratios, standard errors, P-values and confidence intervals
from multinomial logistic regression models predicting gestational weight gain as
categorical variable
GWG as categorical variable based on
total weight gain at delivery according
to IOM recommendation for CenteringPregnancy Vs Traditional PNC

RRR (95%CI)

SE

P Value

Unadjusted model
Adequate

ref

Inadequate

1.02 (0.78, 1.24)

0.12

0.883

Excessive

1.03 (0.83, 1.23)

0.11

0.797

Adjusted model
Adequate

ref

Inadequate

0.97 (0.81, 1.31)

0.12

0.832

Excessive

0.97 (0.81, 1.21)

0.11

0.769

Propensity score adjusted model
Adequate

ref

Inadequate

0.97 (0.76, 1.22)

0.12

0.778

Excessive
Propensity score weight adjusted
model (IPTW)

0.95 (0.82, 1.21)

0.10

0.624

Adequate

ref

Inadequate

0.85 (0.64, 1.13)

0.12

0.259
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Excessive

0.92 (0.71, 1.20)

0.12

0.557

GWG as categorical variable based on
weekly rate of weight gain according to
IOM recommendation for CenteringPregnancy Vs Traditional PNC
Unadjusted model
Adequate

ref

Inadequate

0.96 (0.73, 1.25)

0.13

0.751

Excessive

1.01 (0.87, 1.28)

0.13

0.922

Adjusted model
Adequate

ref

Inadequate

0.92 (0.70, 1.21)

0.13

0.561

Excessive

0.96 (0.74, 1.22)

0.12

0.706

Propensity score adjusted model
Adequate

ref

Inadequate

0.92 (0.71, 1.21)

0.13

0.547

Excessive
Propensity score weight adjusted
model (IPTW)

0.95 (0.74, 1.22)

0.12

0.673

Adequate

ref

Inadequate

0.73 (0.53, 1.02)

0.06

0.064

Excessive
0.83 (0.61, 1.13)
0.02
0.232
**Covariate adjusted includes maternal age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy
BMI, and time at initiating prenatal care

1.03, 95%CI, 0.83, 1.27), adjusted (inadequate GWG, RRR, 0.97, 95%CI, 0.77, 1.23, excessive GWG, RRR, 0.97, 95%CI, 0.78, 1.21), PS covariate adjusted (inadequate GWG,
RRR,0.97, 95%CI, 0.76, 1.22, excessive GWG, RRR, 0.95, 95%CI, 0.77, 1.17) and inverse probability to treatment weighting (inadequate GWG, RRR, 0.85, 95%CI, 0.64,
1.21, excessive GWG, RRR, 0.92, 95%CI, 0.71, 1.20) models, there were no statistically
significant association between GWG categories for both total weight gain and participation in either CP versus TPNC. This is the same for weekly rate of weight gain in all
models- unadjusted (inadequate GWG, RRR, 0.96, 95%CI, 0.73, 1.25, excessive GWG,
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RRR, 1.01, 95%CI, 0.79, 1.29), adjusted (inadequate GWG, RRR, 0.92, 95%CI, 0.70,
1.21, excessive GWG, RRR, 0.95, 95%CI, 0.74, 1.22), PS covariate adjusted (inadequate
GWG, RRR, 0.92, 95%CI, 0.71, 1.21, excessive GWG, RRR, 0.95, 95%CI, 0.74, 1.22)
and inverse probability to treatment weighting (inadequate GWG, RRR, 0.73, 95%CI,
0.53, 1.01, excessive GWG, RRR, 0.83, 95%CI, 0.61, 1.13) models. This GWG category
measures are recommended by IOM guideline shown in table 5.4.

DISCUSSION
This retrospective study of women who had prenatal care in the study medical group
between 2015 and 2019 used unadjusted, adjusted, propensity score covariate adjusted
and inverse probability to treatment weighting-IPTW (propensity score weighting) analysis models to examine and compare the adequacy of gestational weight gain among
women who had either CenteringPregnancy program or traditional prenatal care (TPNC).
The study found no statistically significant association between CenteringPregnancy program (versus TPNC) and total weight gain in all analysis models, using it as either continuous or categorical variable (adequate, inadequate, and excessive weight gain). The
same pattern was observed for weekly rate of weight gain. These are the analytical ways
of assessing gestational weight gain recommended by IOM guideline.
This result is consistent with findings from some earlier retrospective studies or evaluations that found no significance difference on GWG for women that enrolled in CP
program compared to traditional prenatal care. 31, 61, 65 Evidence from prior research
demonstrated mixed results or inconsistent findings on the association. Some of these
previous retrospective studies found group care to be associated with increased gesta-
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tional weight gain among low-income African American pregnant women, Latina-Spanish speaking women and non-Hispanic population 56, 59, 62 while one study found reduction in excessive weight gain among group care participants, 63 and some no statistically
significant difference between gestational weight gain among participants of either type
of PNC care as shown in this study. 31, 61, 65 A more recent systematic review and metaanalysis on the effect of group prenatal care versus traditional care on gestational weight
gain, pointed out overall inconsistent findings in studies with this outcome (GWG) due to
certain limitations addressed by this study such as lack of awareness and monitoring of
calorie content of daily food intake during pregnancy, 62 assessing or measuring GWG
without consideration for pre-pregnancy BMI (which includes measures like pre-pregnancy weight and height of the mothers) and gestational age in accordance to IOM guidelines as seen in most of the prior retrospective cohort studies, 31, 33, 57 not adjusting for
their actual participation in the group care program as measured by time at initiating prenatal care, 61, 66, 58 and not controlling for self-selection into the program57, 58 coupled
with differences in matching criteria in few studies. 31, 59, 63 This study used propensity
score analysis to account for or reduce the problem of confounding of patient characteristics and lack of randomization to treatment (CP program), recognizing that participants
may have self-selected into treatment or the other using carefully selected covariates with
respect to literature. Also, the unique approach to CenteringPregnancy program (enhanced nutritional knowledge or nutrition specific contents/curriculum) by the medical
group is an important factor in this study which was a limitation in previous studies. The
medical group gave the topic of healthy nutrition in pregnancy a unique approach by a
specifically designed CP program to target nutrition and GWG among centering women,

106

coupled with healthy behavioral approaches and social support in all group sessions
(about 8-12sessions) during pregnancy. The health providers, nutritionist or health educator provide guidance to daily meal-serving, made available some healthy food choices for
demonstration and eating with emphasis placed on how to attain adequate GWG based on
pre-pregnancy BMI (desired result) during sessions. It’s surprising that the study found
no program effect of CP group care on GWG with all these prior research limitations addressed, which is opposite to our hypothesis as the study hypothesized increased rate of
adequate GWG among CP participants. We recommend further studies to look at the
treatment effect in larger, similar or different population of centering women, preferably
a randomized controlled trial that specifically evaluate gestational weight gain outcomes.
This should be conducted in a more stringent fashion by abiding to best practices of
health services research and the results reported to all stakeholders involved in obstetric
care.
Nonetheless, overall utilization of CenteringPregnancy program is low compared to
those that had traditional prenatal care which may be a factor. This can be improved upon
by informing health policy decision maker to implement policies aimed at enhancing
women’s understanding of benefits of participating in CP program as they can get necessary information and resources for healthy living and practice throughout pregnancy. The
health policy makers should also continue to invest in CP program to make it better for
improved pregnancy outcome since there is evidence that intervening during pregnancy
can reduce the risk of obesity in offspring in-utero and the program has also been shown
to be associated with lower rate of preterm birth (plus Medicaid cost saving), increased
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rate of breastfeeding postpartum and utilization of contraception post-delivery.24, 26, 40,
61,101

The strength of the study is the validation study piece that was carried out before the
actual analysis to validate the accuracy or quality of gestational weight gain records on
birth certificate in comparison with electronic medical record abstracted data which is the
gold standard on a sub-sample of centering women (30%). Previous studies that looked at
the outcome as measure of effectiveness of CenteringPregnancy versus traditional prenatal care highlighted that gestational weight gain records or reported values on birth certificates (BC) may be inaccurate. 62, 79 Overall, the study found birth certificate estimates of
height, pre-pregnancy BMI, pre-pregnancy weight, delivery weight and gestational
weight gain categories to be similar to electronic medical record, and thus, BC can provide reasonable prevalence estimates for these variables. Using linked birth certificate
and hospital discharge data was another strength which provided linkage for 95% of patients and valuable information on diagnoses and variables for the analyses. Another
strength of the study is the enhanced nutritional knowledge which is unique to the CP
program of the medical group. Propensity score analysis was another strength as it reduced the problem of confounding of patient characteristics and lack of randomization to
treatment (CP), recognizing that participants may have self-selected into treatment or the
other.
We recognized limitation to this study. Low percentage of pregnant centering women
participated in CenteringPregnancy compared to traditional prenatal care for the period of
study (2015-2019), and majority were black women, carrying their first pregnancy (nul-
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liparous) (Table 5.1). Overall utilization can be made better through using health educators to bridge women, family and community understanding of benefits of participating
CP program as health literacy can be an intervention to improve maternal health behavior.

CONCLUSION
In conclusion, the study found no significant difference in GWG for women that enrolled in CP program compared to traditional prenatal care despite the special nutritional
knowledge component of the program to help participant women achieve adequate
weight gain in pregnancy as recommended by IOM guideline and the use of advanced
statistical methods is opposite to our hypothesis. However, the no program effect is consistent with some prior evaluations that examined the association. We recommend further
studies to look at the treatment effect in larger similar or different population of centering
women.
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CHAPTER 6
MANUSCRIPT 3: THE IMPACT OF CENTERINGPREGNANCY
GROUP PRENATAL CARE VERSUS TRADITIONAL PRENATAL
CARE ON PREGNANCY INCUCED HYPERTENSION3

3

O.A Momodu, E. L. Crouch, J. Liu, R. D. Horner, B. Chen. To be submitted to Journal
of Maternal and Child Health.
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ABSTRACT
Background and Objective: CenteringPregnancy (CP) health education on nutrition,
sharing of learning and experiences among participants, longer time with providers, stress
reduction due to social support from health provider and significant others while attending meetings likely enhance feeling of self-control and confidence, and thus may be a
way to reduce stress and, consequently, maintain normal blood pressure in pregnancy.
The aim of the study is to examine the effect of CP program versus traditional prenatal
care (TPNC) on pregnancy induced hypertension (PIH).
Methods: Birth certificate data was linked to hospital discharge records of women that
delivered in midland’s obstetric clinics of South Carolina between 2015 and 2019. Propensity score analysis was used to reduce the problem of confounding of patient characteristics and assignment to treatment (CP program) using the following covariates- age,
race-ethnicity, level of education, parity, smoking status, pre-pregnancy BMI, and gestational age at entry/time PNC began. We then estimated the association between PIH types
combined and, in its classifications (gestational hypertension/unspecified hypertension,
mild pre-eclampsia, and severe pre-eclampsia /eclampsia) and CP program.
Results: In our data among patients who had CenteringPregnancy (CP) group prenatal
care (n=547), there was higher odds of pregnancy induced hypertension in combined stratum in all models- unadjusted, adjusted, propensity score covariate adjusted and inverse
probability to treatment weighting method (for unadjusted-OR 1.76, 95%CI, 1.43, 2.17)
and specifically significantly increased in all models with development gestational hypertension/unspecified hypertension (for unadjusted- OR 1.91, 95% CI, 1.48, 2.45) com-

111

pared to women that had TPNC which is opposite to our hypothesis. We also found statistically significant increased odds of severe pre-eclampsia/eclampsia in only unadjusted
model (OR 1.68, 95% CI, 1.14, 2.49) among CP participants compare to their counterparts in TPNC but surprisingly, mild pre-eclampsia was not statistically significantly associated in all models.
Conclusion: In summary, the result needs to be interpreted with caution because there
are many factors that may have contributed to the increase rate of pregnancy induced hypertension among centering women that we don’t have data for. More studies are warranted in this area to critically investigate and appropriately ascribe the contributory factor (s) to increase rate of pregnancy induced hypertension among centering women despite the efforts for maternal well-being during pregnancy by the CP program.
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INTRODUCTION
Recent trends of Severe Maternal Mortality (SMM) shows that the burden has been
steadily increasing and it is likely driven by increases in maternal age, pre-existing or
chronic medical conditions like diabetes mellitus, hypertension, heart diseases to mention
a few which may lead to non-elective caesarean delivery. Gestational hypertension, preeclampsia and eclampsia are the types of pregnancy induced hypertension (PIH) or hypertensive disorders of pregnancy. Gestational hypertension is diagnosed when blood
pressure readings are equal to or higher than 140/90mmHg in a woman who had normal
blood pressure prior to 20weeks of pregnancy without proteinuria. 11, 69, 70 Women with
pre-existing and pregnancy induced hypertension are at increased risk for preeclampsia
and eclampsia, although many women who develop preeclampsia/eclampsia have no history of high blood pressure.11, 71 Preeclampsia (mild or severe) is defined as high blood
pressure in pregnant woman who hasn’t had elevated blood pressure before, with swelling of hands and feet and protein in urine, while eclampsia follows conditions or symptoms associated with preeclampsia but in addition has mental status changes such as severe headache and seizures. Preeclampsia and eclampsia are the most serious form of hypertensive medical complications and may be associated with different degrees of fetal
injury.105 Black women are more likely to develop preeclampsia and to experience
poorer outcomes associated with the condition, including progression to eclampsia and in
rare cases, death. Preeclampsia/eclampsia is estimated to complicate between 3 and 6 percent of all pregnancies and is considered one of the most preventable causes of maternal
death.12, 71 The yearly health care expenditure of these women that suffer these complications and near death runs into billions of dollars because of long hospitalization and other

113

factors. The cost of caring for mothers with preeclampsia alone is roughly about one billion dollars yearly.106 Meanwhile, as this is associated with rising health care expenditure, the victims and their entire family are not spared of the burden. They are sometimes
financially wrecked, traumatized and wounded and unable to have more children.106
CenteringPregnancy program was initiated in the United States in the 1990’s to improve maternal and infant health outcomes, and South Carolina adopted the program in
2008 because of poor maternal and infant outcomes. It’s a type of prenatal care that provides integrated approach to PNC in group setting by having groups of 8 to 12 women
with similar due dates or gestational age to meet every 2 to 4weeks for approximately
two hours 18, 19 CenteringPregnancy play a role in facilitating support for women and provide access to multidisciplinary continuity of care to allay problems that may arise in
pregnancy. Centering moms receive special knowledge on nutrition, healthy diet, share
learning and experiences, discuss concerns about pregnancy, childbirth and family issues
which help them understand what is normal and what is cause for concern during pregnancy. They are provided important information and resources relevant and specific for
each trimester and gestational age, educate them on how to recognize a distress signals
and other alarming symptoms, during pregnancy such as warning symptoms or signs of
gestational hypertension, and on early-treatment strategies to help mothers act quickly before complications turn to life-threatening conditions like pre-eclampsia or eclampsia,
and advice on what to avoid or can contribute to ill health during pregnancy. For example, CenteringPregnancy providers health educates participants on healthy diet, adverse
effects of excess salt or sugar intake, substance use, alcohol, tobacco smoking, discuss
consequences of inadequate or excessive weight gain, etc. As some of these habits may
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be difficult to break, they are offered ways to change from these bad habits (such as
chewing gum, drinking water, having a cup of tea, reading a book until the craving passes
or exercising when they feel the urge for bad habits) and are made to realize that being
healthy and having a healthy baby are good reasons to stop these bad habits. CP allows
expectant mothers to monitor their state of health by checking their weight, height and
blood pressure at every group meeting or appointment. These program features may be an
important factor to reducing rates of pregnancy induced pregnancy among participants.
The effect of CenteringPregnancy program on development of hypertensive disorders of pregnancy (pregnancy induced hypertension) including gestational hypertension,
preeclampsia, or eclampsia is yet to be addressed in the literature. Prior evaluations of
CenteringPregnancy group prenatal care have considered mostly psychosocial benefits
including measures of stress, anxiety, and social support as maternal outcome. 49, 74, 75 It’s
been shown in studies that women in CP are more likely to have improved perceptions of
peer social support with associated improvements in quality of life better knowledge of
prenatal care, more readily prepared for labor and delivery and are more satisfied with
care received. 49, 75 Centering mothers receive social support by attending meetings from
healthcare provider, group coordinator, their peers and or significant others, and sometimes social workers, which enhances feeling of self-control and confidence, which in
turn may play a role in reducing stress during pregnancy and consequently lower blood
pressure or keep it normal throughout pregnancy.23, 49, 50, 51 All mentioned features of
CenteringPregnancy such as special nutritional knowledge, health education on warning
symptoms of gestational hypertension, sharing of learning and experiences, longer time
with providers, stress reduction due to social support from health provider and significant
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others while attending meetings enhances feeling of self-control and confidence, and thus
may be a way to reduce stress and, consequently, maintain normal blood pressure in pregnancy, thus justify the need to evaluate the impact of the program on the outcome- pregnancy induced hypertension. Given the findings in literature with no prior study on the
effect of CenteringPregnancy program on pregnancy induced hypertension and bearing in
mind the unique approach of the program’s prenatal care, this study aims is to examine
the effects of CenteringPregnancy or group prenatal care (GPNC) versus traditional prenatal care on pregnancy induced hypertension (PIH). We hypothesize that women who
received CP GPNC model will have lower rate/percentage of development of PIH than
women who received traditional prenatal care. Knowledge gained on health outcomes of
mothers will provide evidence-based information to funding organizations on which PNC
model to continue to invest in, in this age of limited healthcare resources and rising
healthcare expenditure, thus inform health policy analysis and action.

METHODS
Study Design, Population and Data Source
This is a retrospective study of 30874 pregnant women (de-identified from record)
who received prenatal care and followed up until delivery between 2015 and 2019 in
three out of five obstetric sites of Palmetto Health-USC Medical Group now Prisma
Health-USC Medical Group located in midland’s region of South Carolina using linked
birth certificate and hospital discharge record data of the medical group received from
South Carolina Revenue and Fiscal Affairs (SC RFA) Office to assess the aim of the research project. Women who registered into CenteringPregnancy program were compared
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with those that had traditional prenatal care in these three locations. Although the centering program started 2013 at the medical group, we excluded the first two years of the program when the program was in start-up phase and needed time for full activity to take effect. Two of the practice-sites were not considered because they composed of mixed population of immigrant women that came in either as an emergency or did not have adequate or enough information to be considered for the study.
Data: Personal identifiers like first name, last name, social security number (SSN) and
date of birth (DOB) of women that participated in CenteringPregnancy program between
2015 to 2019 were needed to properly identify centering participants, so were sent to
South Carolina Revenue and Fiscal Affairs Office (SC RFA) by Prisma Health-USC
Medical Group midland obstetric clinics to match centering women in their database. We
received de-identified birth certificate and hospital discharge record data of centering and
non-centering women (comparison group that had TPNC) of the medical group from SC
RFA and were used to assess the two aims of the research project. About 98% of centering women successfully matched their SCRFA BC database. There are likely three reasons for the incomplete (2%) unmatched centering women. It may be that they delivered
out of state of South Carolina, or at a birthing center and not hospital or they delivered
outside of our timeframe (2015 and 2019).
To be able to draw a valid conclusion, we needed to identify comparable participants
in either type of PNC. Accordingly, the same inclusion and exclusion criteria were applied to participants of both PNC approaches. CenteringPregnancy program is usually offered to women who meet the following criteria: prenatal care initiating within the first
twenty weeks of pregnancy, aged 18-49years (reproductive age group) and expected to

117

have a singleton birth. Women who had previous low birth weight infants, mental health
issues or prior cesarean birth can also participate in centering program. As show in the
flowchart below in figure 6.4 and 6.5, we excluded women with implausible data related
to pre-pregnancy weight less than 50 or greater than 650pounds, height less than 3feet or
greater than or equal to 8feet or pre-pregnancy body mass index (BMI) less than 12 or
greater than 100 at two months of pregnancy. 83 We further excluded women with prepregnancy diabetes because their physicians would have recommend modifying lifestylerelated factors, which would impact their weight gain. Women who have or developed
other chronic conditions prior to pregnancy like hypertension, kidney disease or carry
multiple gestation are all at increased risk of PIH complications prenatally, intrapartum
and in the puerperium, so were also excluded from the study. Mothers who smoked before or during pregnancy were included in the study as smoking has been shown to reduce the risk of gestational hypertension and preeclampsia unlike general population. 38,
107, 108

Some of these mentioned elements were already excluded at the start of Center-

ingPregnancy PNC program while some were excluded during statistical analysis process. After above inclusion and exclusion criteria were applied, our population or sample
size included 27276 births with centering births equal to 547.

Ethical statement: The protocol was reviewed, approved, and documented by the Prisma
health medical group and the University of South Carolina Institutional Review Boards
(IRB). All guidelines, including treating data as confidential and not making attempt to
identify individual participants were observed.
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Centering women from linked or
merged birth certificate and
hospital discharge datasets for years
2015 and 2019 equals 596 with 547
meeting inclusion/exclusion criteria
Age< 18 = 20
N = 576
Age>49= 0
N = 576
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N =576
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0
N = 575
Height < 3feets =0
Height >8feets =1
N = 574
Pre-pregnancy diabetes= 2
N = 572
Baby Birth weight < 500pounds= 1
Baby Birth weight >5000pounds=0
N = 571
Patient categorized as centering from
non-centering group after matching=1
N = 570
Male patient in dataset=0
N = 570
Pre-pregnancy hypertension=23

N = 547

Figure 6. 1 Flow chart of centering women for study selection for aim two

Non-centering women from linked birth
certificate and hospital discharge datasets
for years 2015 and 2019 equals 28649 with
26729 meeting inclusion/exclusion criteria
(SCRFA without duplicates)
Age< 18 = 502
N = 28147
Age>49= 2

N =28145
Pre-pregnancy weight <50lbs =0
Pre-pregnancy weight >650pound= 0
N = 28145
Pre-pregnancy BMI <12=0
Pre-pregnancy BMI >100=1
Missing pre-pregnancy BMI=0

N = 28144
Height < 3feets =0
Height >8feets =114
N =28030
Pre-pregnancy diabetes=239
N = 27791
Baby Birth weight < 500pounds=95
Baby Birth weight >5000pounds=36
N =27660
Patient categorized as centering =1
N =27659
Male patient in dataset=1
N = 27658
Pre-pregnancy hypertension=929
N = 26729

Figure 6. 2 Flow chart of non-centering women for study selection aim two
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Study measures
Dependent Variables (Outcomes): The primary outcome variable is pregnancy induced
hypertension (PIH) using International Classification of Diseases, Nineth Revision ICD-9
and basically, during our study ICD-10-CM codes were used for some participants. These
are the official system of assigning codes to diagnosis and procedures associated with
hospital utilization in the United State. It’s clinically and virtually impossible to use this
code on a non-pregnant female within the age range. 72, 73 952 patients (929 from TPNC
and 23 from CP program) with preexisting or chronic hypertension were excluded as
shown in figure 6.4 and 6.5. The effect of CenteringPregnancy on pregnancy induced hypertension was examined overall using ICD-9 codes, and then within its three sub-classifications which includes:- (1) gestational hypertension and unspecified hypertensive disorders of pregnancy combined; (2) mild or unspecified pre-eclampsia and (3) severe preeclampsia and eclampsia combined. 93 The ICD-9-CM codes are summarized in table
6.1. We did likewise for ICD-10-CM codes. The effect of CenteringPregnancy on all
pregnancy induced hypertension types was examined overall and then within its three
sub-classifications which includes (1) all unspecified hypertensive disorders of pregnancy
and gestational hypertension combined; (2) mild to moderate pre-eclampsia and (3) severe pre-eclampsia, HELLP syndrome, unspecified pre-eclampsia and eclampsia combined. The ICD-10-CM codes are summarized in table 5.2. Some of these PIH groups are
combined as evaluating them individually may not give us enough sample size. 93 In
cases where a woman had codes for more than one of the categories of hypertensive disorders, we assigned her exclusively to the diagnosis reflecting the most severe form, or-
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dered as severe preeclampsia/eclampsia, mild preeclampsia, and gestational hypertension.93 These four groups for analyses of pregnancy induced hypertension (PIH) were
categorized as present (=1) or absent (=0).

Table 6. 1 ICD-9 CM diagnosis codes for analyzing hypertension in pregnancy
Categories for analysis
1.All codes overall for analysis

Major Class Code
642.3x,
642.9x,
642.4x,
642.5x,
642.6x

2.Gestational hypertension and
unspecified hypertensive disorders
of pregnancy
3.Mild or unspecified pre-eclampsia
4.Severe pre-eclampsia/eclampsia

642.3x, 642.9x

Subclass Codes
642.3x (642.30, 642.31. 642.32, 642.33,
642.34),
642.9x (642.90, 642.91, 642.92, 642.93,
642.94),
642.4x (642.40, 642.41, 642.43, 642.44),
642.5x (642.50, 642.51, 642.52, 642.53,
642.54)
and 642.6x (642.60, 642.61, 642.62, 642.63,
642.64))
642.30-642.34
642.90-642.94

642.4x

642.40-642.44

642.5x, 642.6x

642.50-642.54
642.60-642.64

Table 6. 2 ICD-10 CM diagnosis codes analyzing hypertension in pregnancy.
Categories for analysis
1.All codes overall for analysis

Major Class Code
O13.x, O16.x, O14.x,
O15.x

2.Gestational hypertension and
all unspecified hypertensive disorders of pregnancy

O13.x, O16.x

3.Mild to moderate pre-eclampsia

O14.0x

4.Severe pre-eclampsia, HELLP
syndrome, unspecified pre-eclampsia and eclampsia

O14.1x,
O14.2x,
O14.9x, 015.x

121

Subclass Codes
O13.x (O13.1, O13.2, O13.3, O13.4, O13.5,
O13.9),
O16.x (O16.1, O16.2, 016.3, O16.4, O16.5,
O16.9),
O14.x ((O14.0 (O14.0, O14.00, O14.02,
O14.03, O14.04, O14.05); (O14.1 (O14.10,
O14.12, O14.13, O14.14, O14.15); (O14.2
(O14.20, O14.22, O14.23, O14.24, O14.25);
(O14.9 (O14.90, 014.92, O14.93, O14.94,
O14.95)),
and O15.x ((O15.0 (O15.0, O15.00, O15.02,
O15.03), O15.1, O15.2, O15.9)
O13.x (O13.1, O13.2, O13.3, O13.4, O13.5,
O13.9))
O16.x (O16.1, O16.2, 016.3, O16.4, O16.5,
O16.9)
O14.0x (O14.0, O14.00, O14.02, O14.03,
O14.04, O14.05)
O14.1x (O14.10, O14.12, O14.13,
O14.15)
O14.2x (O14.20, O14.22, O14.23,
O14.25)
O14.9x (O14.90, 014.92, O14.93,
O14.95)
015.x (O15.0, O15.00, O15.02,
O15.1, O15.2, and O15.9)

O14.14,
O14.24,
O14.94,
O15.03,

Independent Variables (Predictors): Our primary predictor of interest is pregnant
women who registered for prenatal care into either CenteringPregnancy group prenatal
care (CP = 1) or traditional PNC (TPNC = 0). If participants in CP attended TPNC for
reasons such as discussing issues requiring more privacy or other issues that could not be
fully addressed during group care personal assessment periods, this kind of patient were
classified or counted as having group prenatal care because CP package primarily involves group sessions and supplementary individual counselling time with physicians or
health care providers, thus help stay at balance and avoid cross-over issues or contamination.

Covariates: Maternal sociodemographic characteristics and medical history variables
considered includes as maternal age, race/ethnicity, level of education, pre-pregnancy
BMI, parity, smoking status during pregnancy, gestational age at initiating PNC, gestational age at delivery, participation in women supplemental Nutrition Program for
Women, number of prenatal care visits, Infant and Children (WIC), health insurance as
potential confounders. Variable categorization is stated in table 6.3. The first eight covariates (maternal age, race-ethnicity, level of education, pre-pregnancy BMI, parity,
smoking status, and time at initiating prenatal care) were used in analyses while the remaining covariates were assessed in the data for description of mothers and access to
health care delivery to two groups of study population.
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Statistical Analysis: Descriptive statistics for maternal sociodemographic and medical
history variables to compare women who had CenteringPregnancy versus traditional prenatal care using t-test for continuous variables with means and standard deviations and
Chi square (χ2) test for categorical variables with frequency or percentages distributions
were performed. We estimated all PIH types as whole, and classification subgroup as categorical variables as described in our measure for outcome variable in unadjusted and adjusted format using logistic regressions with reference group consisting of women who
didn’t have PIH.
To further improve rigor of statistical analysis and evaluate the relationship between
CenteringPregnancy versus traditional prenatal care and PIH and its subgroup classifications, propensity score analysis was performed to reduce the problem of confounding of
patient characteristics and assignment to treatment (CP program) usually found in observational studies, recognizing that participants may have self-selected into treatment or the
other. The propensity score (PS) analysis was in two forms/methods. First method, we
used PS as covariate adjustment and the second form, we used PS weighting method
which is the same as inverse probability to treatment weighting (IPTW). The PS was derived from logistic regression model used to predict or estimate individual propensity
score to treatment i.e., probability to CP program or traditional type of prenatal care using
the following covariates- maternal age, race-ethnicity, level of education, parity, smoking
status, pre-pregnancy BMI, and time at initiating PNC. We then estimated the effect of
CP program versus TPNC on PIH and subgroup classifications as categorical variable adjusting for derived propensity scores in a logistic regression model for the first PS
method. This gives effect estimate odds ratios, standard errors, and confidence intervals.
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For the second method of PS analysis, we also generated propensity score weights which
was used in our final model of logistic regression model to obtain effect estimate odds ratios, standard errors and confidence intervals for participation in either type of prenatal
care on PIH types and subgroups as categorical variables. The result was compared with
the crude effect estimate and effect estimate from adjusted and propensity score adjusted
models. 89, 90, 91, 92 All analyses were observed for ICD-9-CM codes and ICD-10-CM
codes for PIH, and subgroups as mentioned before. Statistical analysis was performed using Stata/SE statistical software version 14.1.

Table 6. 3 Sociodemographic and other maternal characteristics of centering
(GPNC) and non-centering (TPNC) women who had singletons birth at Prisma
Health-USC Medical Group between 2015 and 2019 before propensity score analysis. N= 27276
Maternal characteristics

GPNC

TPNC

N= 547

N= 26729

<0.0001

Maternal Age
<20 Ref

52 (9.51%)

1365 (5.11%)

20-24

168 (30.71%)

6269 (23.45%)

25-29

179 (32.72%)

8444 (31.59%)

30-34

97 (17.73%)

6848 (25.62%)

>= 35

51 (9.32%)

3803 (14.23%)
<0.0001

Race
White Ref

142 (25.96%)

10749 (40.22%)

Black-African American

303 (55.39%)

11424 (42.74%)

Asian (Indian, Chinese, Japanese, Hawaiian)

102 (18.65%)

4553 (17.04%)
<0.0001

Level of Education
< High School Ref

81 (14.84%)

3124 (11.74%)

High School Graduate

308 (56.59%)

13470 (50.61%)

College Graduate

108 (19.78%)

6984 (26.24%)

Postgraduate

48 (8.79%)

3038 (11.41%)
<0.0001

Parity
No child Ref

P value

361 (66.00%)
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11579 (43.32%)

One child

104 (19.01%)

8014 (29.99%)

Two children

55 (10.05%)

4407 (16.49%)

>= Three children

27 (4.94%)

2726 (10.20%)

Pre-pregnancy BMI (mean;SD)

28.13±7.00

28.23±7.49

0.7314
0.443

Pre-pregnancy BMI
Underweight

15 (2.74%)

894 (3.34%)

Normal

192 (35.10%)

9873 (36.94%)

Overweight

158 (28.88%)

6976 (26.10%)

Obese

182 (33.27%)

8986 (33.62%)
<0.0001

Month PNC Began
0-3mths

384 (70.20%)

19663 (73.59%)

4-6mths

142 (25.96%)

5188 (19.42%)

7-9mths

21 (3.84%)

1867 (6.99%)
0.853

Smoking Pre-Pregnancy
No Ref

522 (95.43%)

25462 (95.26%)

Yes

25 (4.57%)

1267 (4.74%)
0.201

Smoking in Pregnancy
No Ref

536 (97.99%)

25943 (97.06%)

Yes

11 (2.01%)

786 (2.94%)

Total number of Prenatal visits (mean;SD)

12.76±4.46

11.66±4.36

No Ref

250 (45.87%)

14130 (53.47%)

Yes

295 (54.13%)

12294 (46.53%)

Gestational Age at Delivery (mean;SD)

38.39±2.12

38.14±2.39

<0.0001

0.0052
0.155

Gestational Age at Delivery
Preterm (<=37wks) Ref

57 (10.42%)

3326 (12.44%)

Term (>37wks)

490 (89.58%)

23400 (87.56%)
<0.0001

Health Insurance Type
Private Insurance Ref

150 (27.42 %)

10016 (37.52%)

Government/Medicaid

333 (60.88%)

13349 (50.01%)

Self-pay

30 (5.48%)

1277 (4.78%)

Other pay type

34 (6.22%)

2051 (7.68%)

No Ref

516 (94.33%)

25064 (93.77%)

Yes

31 (5.67%)

1665 (6.23%)

Gestational Diabetes

Pregnancy Induced Hypertension -PIH
(ICD9)
PIH= All Types of PIH

0.59

<0.0001
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No Ref

431 (78.79%)

23189 (86.76%)

Yes
PIH1= Gestational hypertension and Unspecified hypertensive disorders of pregnancy
No Ref

116 (21.21%)

3540 (13.24%)

475 (86.84%)

24759 (92.63%)

Yes

72 (13.16%)

1970 (7.37%)

PIH2= Mild Pre-eclampsia
No Ref

<0.0001

0.219
523 (95.615)

25815 (96.58%

24 (4.39%)

914 (3.42%)

Yes
PIH3= Severe Pre-eclampsia and Eclampsia
No Ref

520 (95.06%)

25929 (97.01%)

Yes

27 (4.94%)

800 (2.99%)

No Ref

547 (100.00%)

26707 (99.92%)

Yes
PIH1= Gestational hypertension and Unspecified hypertensive disorders of pregnancy
No Ref

0 (0.00%)

22 (0.08%)

547 (100.00%)

26729 (100.00%)

Yes

0 (0.00%)

0 (0.00%)

PIH2= Mild to Moderate Pre-eclampsia
No Ref

547 (100.00%)

26729 (100.00%)

0 (0.00%)

0 (0.00%)

0.009

Pregnancy Induced Hypertension -PIH
(ICD10)
PIH= All Types of PIH

Yes
PIH3= Severe Pre-eclampsia and Eclampsia
No Ref

547 (100.00%)

26707 (99.92%)

Yes

0 (0.00%)

22 (0.08%)

0.502

RESULTS
For the period under consideration, which is between 2015 and 2019, 595 women
participated in CenteringPregnancy program, 547 met our inclusion/exclusion criteria as
shown in figure 6.4. These women were compared to 26729 out of 28647 non-centering
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women that met inclusion criteria as well for the same period (shown in figure 6.5). Several differences were observed between the two groups which includes maternal age,
race-ethnicity, parity, level of education, month at initiating prenatal care, total number of
prenatal visits, receival of WIC, health insurance type and average gestational age at delivery as shown in table 6.1.
Women that participated in CP group care were mostly of black-African race,
younger maternal age with less educational accomplishment relative to their other group
counterparts (p<0.0001). Most centering women were nulliparous (66.00%) compared to
43.32% among TPNC participants (p<0.0001). Average total number of prenatal care visits as measure of adequacy of prenatal care visits (mean;SD 12.76±4.46 vs 11.66±4.36),
and gestational age at delivery (mean;SD-38.39±2.12 vs 38.14±2.39) were higher among
centering women (p<0.0001). About 90% of women in CP program (and 88% for women
in TPNC) delivered at term compared to their counterparts in TPNC, but not statistically
significant. (Table 6.1.)
No difference was observed between the groups with respect to pre-pregnancy BMI
for centering women (underweight=2.74%, normal=35.10%, overweight=28.88%,
obese=33.27%) versus TPNC counterparts (underweight=3.34%, normal=36.94%, overweight=26.10%, obese=33.62%: P=0.443) as well as gestational diabetes with 5.67% in
centering and 6.23% in non-centering (P=0.59) and smoking in pregnancy with 2.01% in
centering and 2.94% in non-centering (P=0.201).
In general, CenteringPregnancy program had more women diagnosed with pregnancy
induced hypertension (21.22%) compared to 13.24% women in traditional prenatal care
using both ICD-9 and ICD-10 CM codes. This is also the case when we compared both
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groups for types of hypertensive disorders of pregnancy including gestational hypertension, unspecified hypertension in pregnancy, preeclampsia and eclampsia using ICD-9CM codes. Using ICD-10-CM codes gave incomplete data frequencies or information in
this regard compared to ICD-9-CM codes. Data provided in Table 6.3.

Table 6. 4 Odd ratios from propensity score estimation to predict participation in
CenteringPregnancy program versus traditional prenatal care using the covariates
below. N = 27146
Covariate
Maternal Age

Odd Ratio
(95%CI)

SE

P Value

<20 Ref
20-24

0.96 (0.69, 1.32)

0.16

0.789

25-29

1.10 (0.78, 1.56)

0.19

0.584

30-34

0.87 (0.59, 1.29)

0.17

0.497

>= 35

0.93 (0.61, 1.46)

0.21

0.759

1.97 (1.59, 2.43)

0.21

0.0001

1.70 (1.30, 2.22)

0.23

0.0001

High School Graduate

0.73 (0.56, 0.95)

0.11

0.019

College Graduate

0.54 (0.39, 0.75)

0.09

0.0001

Postgraduate

0.58 (0.39, 0.87)

0.12

0.0001

One child

0.40 (0.32, 0.51)

0.05

0.0001

Two children

0.36 (0.27, 0.49)

0.06

0.0001

>= Three children

0.26 (0.17, 0.40)

0.06

0.0001

4-6mths

1.26 (1.03, 1.53)

0.13

0.025

7-9mths

0.53 (0.34, 0.82)

0.12

0.005

Race
White Ref
Black-African American
Asian (Indian, Chinese, Japanese, Hawaiian)
Level of Education
< High School Ref

Parity
No child Ref

Month PNC Began
0-3mths Ref

Pre-pregnancy BMI
Underweight Ref
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Normal

1.34 (0,79, 2.28)

0.36

0.283

Overweight

1.57 (0.92, 2.69)

0.43

0.099

Obese

1.34 (0.79, 2.31)

0.37

0.28

0.81 (0.44, 1.48)

0.25

0.486

Smoking in Pregnancy
No Ref
Yes

**Covariate adjusted includes maternal age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy
BMI, and time at initiating prenatal care.

Table 6.2. shows output results from logistic regression model used to predict participation in treated and untreated group. It was used to predict the propensity scores and
also used to generate propensity scores weights for PS covariate adjustment and inverse
probability to treatment weighting-(IPTW) analyses respectively. The result showed that
race-ethnicity (Black-African American, OR, 1.97, 95%CI, 1.59, 2.43, Asian, OR, 1.70,
95%CI, 1.30, 2.23), level of education (High school graduate, OR, 0.73, 95%CI, 0.56,
0.95, College graduate, OR, 0.54, 95%CI, 0.39, 0.75, Postgraduate, OR, 0.58, 95%CI,
0.39, 0.87), parity (One child, OR, 0.40, 95%CI, 0.32, 0.51, Two children, OR, 0.36,
95%CI, 0.27, 0.49, Two children, OR, 0.36, 95%CI, 0.27, 0.49, More than three children,
OR, 0.26, 95%CI, 0.17, 0.40), and time at initiating prenatal care (4-6months, OR, 1.26,
95%CI, 1.03,1.53, 0-9months, OR, 0.53, 95%CI, 0.34, 0.82) were significantly associated
with CenteringPregnancy participation compared to TPNC (all P<0.05) after adjusting for
other covariates in the model.

Table 6. 5 Odd ratios (OR) and Confidence intervals from logistic regression model
predicting pregnancy induced hypertension
Outcome Analysis
for CenteringPregnancy Vs
Traditional PNC)

Pregnancy Induced Hypertension PIH ICD9
PIH= All types
of pregnancy induced hypertension OR (95%
CI)

PIH1= Gestational hypertension and Unspecified hypertensive disor-
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PIH2= Mild
Pre-eclampsia
OR (95% CI)

PIH3= Severe
Pre-eclampsia
and Eclampsia
OR (95% CI)

ders of pregnancy OR (95%
CI)

Unadjusted/Bivariate

1.76 (1.43, 2.17)

1.91 (1.48, 2.45)

1.31 (0.86, 1.96)

1.68 (1.14, 2.49)

Adjusted

1.55 (1.25, 1.92)

1.78 (1.38, 2.30)

1.10 (0.73, 1.68)

1.38 (0.93, 2.05)

PS Adjusted
PS Weight Adjusted (IPTW)

1.54 (1.25, 1.90)

1.77 (1.37, 2.28)

1.11 (0.72, 1.66)

1.39 (0.93, 2.07)

1.48 (1.15, 1.92)

1.76 (1.28, 2.42)

1.06 (0.65, 1.78)

1.21 (0.78, 1.89)

**Covariate adjusted includes maternal age, race-ethnicity, level of education, parity, smoking status, pre-pregnancy
BMI, and gestational age at initiating prenatal care

Table 6.5 shows estimates of the effect of CenteringPregnancy program versus traditional prenatal care on pregnancy induced hypertension (PIH) and its classifications for
unadjusted, adjusted (maternal age, race-ethnicity, level of education, parity, pre-pregnancy BMI, month prenatal care began and smoking status), PS adjusted and IPTW analysis using ICD-9-CM codes. Combined analysis of pregnancy induced hypertension
types showed that women in CenteringPregnancy program had increased odds of pregnancy induced hypertension in all models i.e., unadjusted (OR 1.76, 95% CI: 1.43, 2.17),
adjusted (OR 1.55, 95% CI: 1.25. 1.92), PS adjusted (OR 1.54, 95% CI: 1.25. 1.90) and
IPTW (OR 1.48, 95% CI: 1.15, 1.92) models compared to women who had traditional
PNC and statistically significant. This similar pattern was observed for all models for
gestational hypertension and unspecified hypertension in pregnancy i.e., unadjusted (OR
1.91, 95% CI: 1.48, 2.45), adjusted (OR 1.78, 95% CI: 1.38, 2.30), PS adjusted (OR 1.77,
95% CI: 1.37, 2.28) and IPTW (adjusted (OR 1.76, 95% CI: 1.28, 2.42). Mild preeclampsia was not statistically significant in all models unlike gestational hypertension and unspecified hypertension. Surprisingly, severe preeclampsia and eclampsia was statistically
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significantly association with CenteringPregnancy program compared TPNC for unadjusted model (OR 1.68, 95% CI: 1.14, 2.49) and became insignificant with propensity
score weighting model (OR 1.21, 95% CI: 0.78, 1.89).

DISCUSSION
In this retrospective study analysis of linked birth certificate and hospital discharge
records of centering versus non-centering women for risk of pregnancy induced hypertension from 2015 to 2019, overall, the combined analysis, we found higher odds of pregnancy induced hypertension among centering women compared to their counterparts in
TPNC in all models (unadjusted, adjusted, PS adjusted and IPTW). Also, in stratifying
PIH into its types or classifications including gestational hypertension/unspecified hypertension, mild preeclampsia, and severe preeclampsia/eclampsia, we still found higher
odds of gestational hypertension/unspecified hypertension in all models among centering
women compared to TPNC participants. This is unlike mild eclampsia that was not significant in all models of analysis. Surprisingly, severe preeclampsia and eclampsia was
significantly association with increased odds among CenteringPregnancy program compared TPNC for unadjusted model and became insignificant in other models. All estimates were initially derived from ICD-9 codes as using ICD-10 codes didn’t give complete frequencies of types of pregnancy induced hypertension. A sensitivity analysis was
carried out by lumping ICD-9 and ICD-10 codes which still gave similar frequencies of
PIH for study participants. This still gave similar outcome estimate as using ICD-9 codes
alone.
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In general, the contributing factors to increased rate of PIH among centering women
are multidimensional (complex). This is surprising considering the important factors for
maternal well-being during pregnancy put in place by the CP program that we don’t have
data for their fidelity such as social support from providers and peers to reduce maternal
stress which enhances their feeling of self-control and confidence, sharing learning and
experiences, discussing concerns about pregnancy, childbirth and family issues during
group sessions, special nutritional knowledge to ensure staying away from predisposing
factors to PIH such as excessive salt or sugar intake, substance use, alcohol and tobacco
for healthy living, health educating mothers about the warning symptoms of gestational
hypertension as its important for early recognition and proper management, and thus preventing worsening of the disease to severe pre-eclampsia or eclampsia. All these probably gave participating mothers in the program better knowledge of prenatal care, and
more readiness for labor and delivery. A qualitative study concluded that CP participation
with health provider management measures and self-monitoring of blood pressure was
associated with clinically observable reduction in blood pressure of participants with
preeclampsia only, which in turn cause reduced hospital admissions and re-admissions
for this condition for a period of twelve months. 76, 77 Our study excluded women with
pre-existing or chronic hypertension in both groups before assessing the association for
quality assurance since women with preexisting and pregnancy induced hypertension are
at increased risk for preeclampsia and eclampsia, although many women who develop
preeclampsia/eclampsia have no history of high blood pressure.11, 71. Also, our population
of study is mostly black women (55%) who are more at risk of developing preeclampsia
and to experience poorer outcomes associated with the condition, including progression
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to eclampsia and in rare cases, death. This may possibly explain the reason. Nulliparity
may be another contributory factor to increased rate of PIH among centering women.
Also, well over half (66%) of pregnancies among centering women were first births compare with 43% seen among TPNC participants (p<0.0001). Studies have shown that nulliparous women are at increased risk of gestational hypertension and preeclampsia than
multiparous women. 109, 110 Our population of centering women are mostly nulliparous
compare to their counterparts in TPNC. Overdiagnosis by physicians may be another reason as some patients with a small increase in BP that tips to high blood pressure or single
reading of elevated BP may be diagnosed as having gestational hypertension. High blood
pressure is misdiagnosed 40% of the time in general population, because blood pressure
can rise due to anxiety when you visit a doctor (whitecoat hypertension), which increases
the chances of misdiagnosis. 111, 112 At least three different readings with rest intervals (at
least five minutes) that are elevated should be considered at the clinic for accuracy of diagnosis. However (Nevertheless), more studies (qualitative and quantitative) need to be
carried out in this area to provide data on fidelity of those important factors already mentioned for maternal well-being in CP program among in our population of centering
women and different population including non-black African American, multiparous centering women to appropriately ascribe the contributory factor (s) to increase rate of hypertensive disorders or PIH among centering women as no study has yet been published
in this regard. To our knowledge, this is the first study that examined the association between CP program and PIH. The future studies should also consider a qualitative study
that looks at physician diagnosis criteria of PIH and its types among centering women in
comparison with those in TPNC to rule out over diagnosis.

133

The strength of the study is using linked birth certificate and hospital discharge data
which provided linkage for 98% of all patients’ valuable information on diagnosis of PIH
for both ICD-9 and ICD-10-CM codes and variables that were used for the analysis. The
data has never been used to carry out similar study in the past. Another strength of the
study was the propensity score analysis that was used to reduce confounding of patient
characteristics and lack of randomization to treatment (CP), recognizing that participants
have self-selected into treatment or the other. We recognized limitation to this study. Low
percentage of pregnant centering women participated in CenteringPregnancy compared to
traditional prenatal care for the period of study (2015-2019), and majority were black.
women, carrying their first pregnancy and are more likely of develop PIH (Table 6.1).
Overall, utilization of CenteringPregnancy program can be made better considering its
important features for healthy living in pregnancy through using health educators to
bridge women, family and community understanding of benefits of participating CP program as health literacy can be an intervention to improve maternal health behavior. Another limitation is that we found no study in literature that has carried out a similar study
in a different population, site or clinic where CP program is been observed.

CONCLUSIONS
The result needs to be interpreted with caution because there are many factors that
may have contributed to the increase rate of pregnancy induced hypertension among centering women that we don’t have data for. More studies are warranted in this area to critically investigate and appropriately ascribe the contributory factor (s) to increase rate of
pregnancy induced hypertension among centering women despite the efforts for maternal
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well-being during pregnancy by the CP program. To our knowledge, this is the first study
that examined the association between CP program and PIH.
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CHAPTER 7
OVERALL SUMMARY AND CONCLUSIONS
The aim of the research was to evaluate maternal health impact of CenteringPregnancy (CP) program which is a type of group prenatal care in comparison with traditional
prenatal care (TPNC) to determine which one has a better outcome in terms of gestational
weight gain and development of pregnancy induced hypertension using midland obstetric
clinic linked birth certificate and hospital discharge records data between 2015 to 2019
received from South Carolina Revenue and Fiscal Affairs (SC RFA) Office. Specifically,
we examined (1) the effects of CenteringPregnancy versus traditional prenatal care on adequacy of gestational weight gain and hypothesized that women who received CP model
would have higher percentage or rates of adequate gestational weight gain than women
who received traditional prenatal care, (2) the effects of CenteringPregnancy versus traditional prenatal care on pregnancy induced hypertension (PIH) and hypothesized that
women who received CP model would have lower rate/percentage of development of
pregnancy induced hypertension than women who received traditional prenatal care. A
validation study was initially carried out to improve the rigor of study design of aim one
by examining the accuracy of gestational weight gain records on births certificate in a
sub-sample of centering women using electronic medical record data as the gold standard
for the same period under consideration.
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Key Findings
For the validation of quality of gestational weight gain records on birth certificate,
we assessed variables needed for calculating gestational weight gain such pre-pregnancy
weight, height, pregnancy BMI categories, delivery weight and gestational weight gain
categories based on IOM 2009 guideline. We found that birth certificate estimates of
these variables were like that of electronic medical record, the gold standard, and thus
birth certificate data can provide reasonable prevalence estimates for these variables to
examine the effect of CP program on gestational weight gain (aim one). This result is presented in manuscript format (manuscript one).
For aim one, which is detailed out in manuscript two, the study found no statistically
significant association between CenteringPregnancy program (versus TPNC) and total
weight gain in all analysis models (unadjusted, adjusted, PS adjusted and IPTW), using it
as either continuous or categorical variable (adequate, inadequate, and excessive weight
gain). The same pattern was observed for weekly rate of weight gain in pregnancy. These
are the analytical ways of assessing gestational weight gain recommended by IOM guideline. This result is consistent with findings from some earlier retrospective studies or
evaluations that found no significance difference on GWG for women that enrolled in CP
program compared to traditional prenatal care. 31, 61, 65
In aim two, which is written out in manuscript three, overall using ICD-9-CM codes
alone (and lumping ICD-10-CM codes with ICD-9-CM codes), we found that women in
CenteringPregnancy program had increased odds of pregnancy induced hypertension
(PIH) compared to those that had TPNC in all models of analysis (unadjusted, adjusted,
PS adjusted and IPTW). In further analysis of PIH, with stratifying it into its types or
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classifications including gestational hypertension/unspecified hypertension, mild
preeclampsia, and severe preeclampsia/eclampsia, we still found higher odds of gestational hypertension/unspecified hypertension in all models among centering women compared to TPNC participants. This is unlike mild pre-eclampsia that was not significant in
all models of analysis. Surprisingly, severe preeclampsia and eclampsia was significantly
association with increased odds among CenteringPregnancy program participants compared TPNC for unadjusted model and became insignificant in other models. The result
needs to be interpreted with caution because there are many factors that may have contributed to the increase rate of pregnancy induced hypertension among centering women
that we don’t have data for their fidelity.

Public Health Implication of Dissertation
Findings from this dissertation are of public health significance in the United States
and other developed and developing countries. It’s also particularly of relevant in the
state of South Carolina where effort is being made to reduce maternal morbidity and mortality rate related to gestational weight gain (GWG), gestational hypertension and other
complications of pregnancy, which led to adoption and start of CenteringPregnancy program in the State. 3, 4, 5
Our finding of no significance difference in GWG for women that enrolled in CP program compared to traditional prenatal care despite the use of advanced statistical method
and the special nutritional knowledge component of the program to help participant
women achieve adequate weight gain in pregnancy as recommended by IOM guideline is
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opposite to our hypothesis. The no program effect is consistent with some prior evaluations that examined the association in different population. The study provides insight to
mixed findings in previous studies on gestational weight gain. Nonetheless, overall utilization of CenteringPregnancy program is low compared to those that had traditional prenatal care. This can be improved upon by informing health policy decision maker to implement policies aimed at enhancing women’s understanding of benefits of participating
in CP program as they can get necessary information and resources for healthy living and
practice throughout pregnancy. The health policy makers should still continue to invest in
CP program to make it better for improved pregnancy outcome since there is evidence
that intervening during pregnancy can reduce the risk of obesity in offspring in-utero and
the program has also been shown to be associated with lower rate of preterm birth (plus
Medicaid cost saving), increased rate of breastfeeding and utilization of contraception
post-delivery.24, 26, 40, 61, 101
Although, our aim two found higher rates or odds of pregnancy induced hypertension
(PIH) among centering women compared to their counterparts in TPNC despite all important features for maternal well-being during pregnancy put in place by the CP program. In stratifying PIH into its classifications or types which includes gestational hypertension/unspecified hypertension, mild preeclampsia, and severe preeclampsia/eclampsia,
we still found CenteringPregnancy participants to be specifically associated with higher
odds in all subgroups except mild pre-eclampsia. The contributory factors to this are
complex. Some identified factors that may have contributed to this may be that the population of centering women in our study are mostly black African Americans (55%), nulliparous (66%) compared to those that had TPNC. Overdiagnosis by physicians may be
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another reason as 40% of high blood pressure in general population is misdiagnosed due
to other reasons. Nevertheless, more studies need to be carried out in these areas to critically investigate this and appropriately ascribe the actual contributory factor(s) to increase rate of pregnancy induced hypertension among centering women.

Future Research and Recommendation
Effort through research and other means are still needed to ensure participants in
CenteringPregnancy (CP) program and traditional prenatal care as well gain weight adequately in pregnancy as recommended by institute of medicine (IOM) guideline and its
statistically significant as findings are still broadly mixed in literature. We recommend
further studies to look at the treatment effect in larger, similar or different population of
centering women, preferably a randomized controlled trial that specifically evaluate gestational weight gain outcomes. This should be conducted in a more stringent fashion by
abiding to best practices of research and the results reported to all stakeholders involved
in obstetric care.
Further research(s) also needs to be carried out on effect of CP program on pregnancy induced hypertension, moreso, to our knowledge, this is the first study that examined the impact of CenteringPregnancy group care versus traditional prenatal care on PIH
as no study has yet been published in this regard. The association needs to be investigated
critically using a more generalizable data with mixed population of centering participants
who are not mostly black African Americans, or nulliparous women who are at risk for
PIH as seen in our study. The studies should aim to expand upon this dissertation and examine the fidelity of those attributes or essential elements of CP program for maternal
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well-being in pregnancy and other likely contributory factors (not mentioned here) to increase rate of hypertensive disorders of pregnancy or PIH among these women. These
can also be examined in other developing countries to see if our result differs from what
they have. This study also recommends a future qualitative study in future research on
possible overdiagnosis of gestational hypertension by obstetric physicians.
We recognized limitation to this study. Low percentage of pregnant women participated in CenteringPregnancy compared to traditional prenatal care for the period of study
(2015-2019). Overall utilization of CenteringPregnancy program can be made better considering its important features for healthy living in pregnancy, reduction in preterm birth,
increased rate of breastfeeding and utilization of contraception post-delivery as shown in
studies through health policy decision maker and public health practitioners using health
educators to bridge women, family and community understanding of benefits of participating in CP program as health literacy can be an intervention to improve maternal health
behavior.

Conclusions
The dissertation examined the health impact of CenteringPregnancy program on
maternal outcomes-gestational weight gain and pregnancy induced hypertension among
CenteringPregnancy program participants in midland obstetric clinics of South Carolina,
in the United States. Our study showed no significant difference in GWG for women that
enrolled in CP program compared to women that had traditional prenatal care as seen in
some prior retrospective studies. Effort through research and other means are still needed
to ensure participants in CenteringPregnancy (CP) program and traditional prenatal care
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as well gain weight adequately in pregnancy as recommended by IOM guideline and its
statistically significant as findings are still broadly mixed in literature. We also recommend further studies, preferably a randomized controlled trial to look at the treatment effect in larger, similar or different population of centering women. For the pregnancy induced hypertension outcome, the result needs to be interpreted with caution because there
are many factors that we don’t have data for their fidelity that may have contributed to
the increase rate of pregnancy induced hypertension among centering women despite the
efforts for maternal well-being during pregnancy by the program. More studies are warranted in these areas to critically investigate and appropriately ascribe the contributory
factor (s) to increase rate of pregnancy induced hypertension among centering women.
The studies are useful for health policy decision makers, public health practitioners and
researchers in academia.
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APPENDIX A
BIRTH CERTIFICATE

Figure A.1 Birth Certificate
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APPENDIX B
MEDICAL ABSTRACTION FORM
Table A.1 Medical Abstraction Form
Reviewer
PART A- PERSONAL IDENTIFIERS
First nameLast nameDate of Birth (Month-Day-Year)Clinic namePhysician’s nameYear when she was in centering program (Year)-

Date of Review/Abstraction
Middle NameMedical record number-

PART B- MEDICAL MOTHER’S INFORMATION
1. Mother’s date of last menstrual period (LMP) (month-day-year)2. Mother’s weight before pregnancy (lbs.)(note, please, use pre-pregnancy weight available from EHR for this pregnancy. If this is
not available, then you may use patients measured weight during one of prior visits to the
same clinic within 1yr or closer to LMP date)
3. Mother’s height (cm)4. Mother’s measured weight at last prenatal care visit (lbs.)4a. Gestational age (weeks)4b. Visit’s date (month-day-year)5. What is the date that the mother was admitted to the hospital for delivery?
(note, please check whether LMP date you abstracted above is within 9 months of
this date) (Month-Day-Year)
6. Report the following values for the mother on the day she was admitted for delivery. Mark ND if no data or unknown.
6a. Height (cm)6b. Weight (lbs.)7. What is her date of delivery? (month-day-year)
8. What is her gestational age at delivery (weeks)?
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